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PREFACE. 

Tms slkori text-book haw been written with tlie object of collecting in a 
concise form material which has been gathered during many years’ experi¬ 
ence of th(‘ working of the lUvers Pollution Ih’evention Acts. It aims at 
describing trade processes .so far as to show the origin and nature of 
polluting waste lujuids, and sets out the means wliich have been found 
successful in tlie purification of these. 

The aulliors hope that it may be of service not only to manufacturers 
and those called upon to advise them, but also to Local Authorities and 
thiar otlieers. 

Th(‘ thanks of the autliors are due to numerous manufacturers, some of 
whom liavo taken great ])ains to give particulars of tlicir trade processes 
and purification works, tu several engineers and others who have kindly 
funiisliod illustrations, and to many other friends to wliorn they are 
indebted for assistance. 


Wakkfikli), Mtm'h IDlli. 


H. M. W. 
H. T. C. 
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TRADE WASTE WATERS: 

TllEIE NATUEE AND DISPOSAL. 


(,'I1AI>TER 1. 

IIISTOEIOAl. AND LEGAL. 


Kivcrs uHciI as sf'wci’s—Inlolcralilr cnmlilioiis resulting—IU*yal Cuinmiasioiis of 1866 and 
1868—No early imlilie, stalntea de.iling wilh iiolluUon—Act of 1876—liaw first 
]n'oi>erly enforced liy Couidy (ioniieils—.loint Oounnittees—Koyal Coininissioii of 
1868 — Special local Acts basral on tlicir n'ports — Difficulties rd' procedure— 
lliljliognipliy. 

Vi' li) the inidclU; cit liiyl iHurtiiry |)r;teticiilly iill tlio waste waters produced 
in trade ])i'ocesses were poured without let or hindrance into the nearest 
streams. Those indeed were looked ujron ns the natural channels for the 
reception of such li(jnids, and, hy the Towns linjrrovement Clauses Act, 
18(7, .Sections .'i.u and dli, hocal Authorities were soiuotimcs even required 
to dischai'ge tlieir crude sewapje into rivers. Such practices, coupled with 
the rapid industrial deveVpureut which took place duriujr the first half of 
the century, le<l to an intolcrahle state of matters, io which the attention 
of tlic (lovornmeut was repeatedly directed. At last, in 186.'), a Eoyal 
Commission was appointed for the purpose of inquiring, amongst other 
matters relating to rivers ]«)llution, 

“how far hy new arraugcmenl-s the refuse arising f[Oin industrial processes can be 
kept out of the .streams or rendered harmless before it readies them, or utilised or 
got rid of otherwise lliaii hy discharge into running waters.” 

The lanoui's of this Coiiimissiou were ooiitinued hy a second Commission 
appointed in 1868. As an oxamjile of the fold condition of some of 
the streams at that time, tlie Commissioners’ description of tho^Rivers 
Aire and Calder may bo quoted, in wliieh they stated that those rivers and 
their tributaries were abused 

“by the flowing in, to the aiuonnt of very many millions of gallons per day, of 
water poisoned, corrupted, and (dogged by refuse from mines, chemical works, 
dyeing, scouring, and fulling worsted and woollen stulfs, skin^oleaning and 
tanning” (1865 Commission, Third Rejiort, p. xi). 

As evidence of the foulness of the Yorkshire Calder, the Commissioners 
had, in fact, before them a letter written with its water, and their 
correspondent writes: 

“Could the odour only accompany this sheet also, it would add much to the 
interest of this Afcsmorjndum ! ’’(1H68 Commission, Third Report, p 12). 



2 


TRADE WASTE WATERS. 


It Boeiiis strange that this state of matters was allowed to develop, for 
by common law every riparian owner is entitled to receive the waters of 
a stream unpolluted and uudiminished. Experience, however, has shown 
that or.ly rarely will a rii)arian owner take the trouble and incur the 
odium and expense of instituting legal proceedings to maintain these 
rights. Fre<juently, indeed, he is himself an offender, and lifible to 
proceedings by others. Moreover, if a pollution continues for tffenty® 
years, tlie common law as to prescriptive rights is a liar to any proceedings 
by a private jierson. 

The 18C.S (iommission (First Keport, p. 9G) reported that 
“of t.he many poUiitiiig liipiids which now jsiison the rivers there is not one 
which cammt he either kepi, out of the streams altogether, or so far imrilied liefore 
admission as to dejirixe it of its noxious character, ami this not only without 
unduly interfering with manufacturing operations, but even in some instances 
with a distinct prolit to the mannfacl.urer ; and even in those cases where a certain 
amount of expense must he incurred m unremnnerative o]>erations, the use of the 
piirilied stream will more than recompense this expenditure.” 

In spite of the suggested remedial iiieasiircs, and notwithstanding the 
intolerable condition of the stmains, several years elapsed before I’arliamcnt 
dealt xvith the matter. 

At the time of these Hoyal tloiiiniissiims no public statute had been 
enacted to deal with trade pollutions. The (lasworks Clauses Act, 1847, 
following the lines of the Lighting and Watching Act, 1833, forbade the 
discharge into a stream of any washing or other substance produced in 
making or su])plyiug gas, and the Waterworks Clauses Act of the same 
year gave to the ownera of waterworks certain powers to jirevent pollution. 
The Salmon Fisheries Act, 1861, ini()osed penalties upon any person 
putting any liipiid or solid m.atter into a streair to such an extent as to 
cause the water to ptf.son or kill fish. The Public ITealth Act, 1875, 
except for reenacting the clamses dealing with gasworks, did not deal 
directly with pollutions by tr.ado refuse, but enacted (Section 15), with 
certain provisoes, that 

“Every local authority shall . . . cause to be made such .sewers as may be 
necessary for elfectually draining their district for the jmrpo.ses of this Ad,” and 
also (Section 21) that “The owner or occupier of any premises within the district 
of a local authority shall be entitled to cause his drains to empty into the sewers 
of tliat authority. . . .” 

It has, however, been held that these sections do not apply to trade 
refuse ns distinguished from domestic sewage. 

At last, in 1876, stirred up by public opinion and acting on the 
recommendations of the foregoing and other Commissions, the Govern¬ 
ment passed an Act dealing expressly with the pollution of rivers by 
sewage and trade refuse—the Kivers Pollution Prevention Act, 1876. 
Part 1. of this Act makes it an offence to put into a stream, among 
other solid matters, the solid refuse of any manufactory, manufactur¬ 
ing process, or quarry, so as to interfere with its due flow or pollute 
its waters. Part III. relates to manufacturing and mining pollutions, 
and states:— 
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Suction 4. —Every pcrnun who causes to tall or How or kiiowhigly jiermits to 
tall or flow or to be carried into any stream any iKUsonons, noxious, or jmlluting 
liquid proceeding from any factory or nmnnlactiiring proress shall (.subject as 
in this Act* mentioned) be deemed to have committed an ollence against this 

Act. ...” . * . 

Section _“ Every jierson who causes to fall or flow or knowingly jiermits to 

fall or flow or to be carried into any stream any solid matter from any mine in 
such quantities as U) prejudicially iulerfere with its due flow, or any juiisonous, 
noxious, or iiollutiiig solid or liipiid matter proi'eeding from any mine, other than 
water in the same condition as that in wliich it has been drained or raised from 
such mine, shall be deemed to have rommith-d an ollence .agaiu.st this Act, unless 
in the case of iioisonous, noxious, or polluting matter he shows to the satisfaction 
of the court having cognisance of the ease that he is using the best jiractlcab e and 
reasonably available means to render harmless the jioisonous, noxious, or iiolliiting 

matter Ml falling or flowing or carried into the stream.” , • 

SECTION (i—“Unless and until Farliaiiieiit otherwise provides, the following 
enactments shall take ell'eet, i.roceedings shall not lie taken ag.-iinst any lierson 
under this part of this Act. save by a sanitary aiilbority, nor shall any such pro- 
eeedini'S be taken without the consent of the Local lloternmeut Hoard : 1 rovided 
alwavs that if the sanitary authoritv, on the a]i|>lication of any jierson iiilerested 
alle'unoaii oll'eiice to have been committed, shall refu.se to take jiroceediiigs or 
appfy f^ir the liy Uiis secit.Kni priivifUnl, Mm so interested inay ajiply 

to thV Local UovonnuL-nl, Loaril, and il’ tlial Hoard on imiuiry is of ojniiiun that 
the saniUiry authority should l.ake proceedings, l.hey may direct the sanitary 
authority acconUngly, who shall thi‘rL‘U]n)U c.oniuioiic.i*. proocoiUuj^*^. 

“The said Btiard'in givin^^ or withliolding their consent shall have regard to 
the industrial interests involved lu tlie case and to the, eireiimstances and reipiire- 


nieiits of llic locality,” 

“ Tlie .said Hoard shall not give their consent to proceedings liy the sanitary 
aiitliorily of any district which is tlie seat of any maiinfae.l.iiring industry, unless 
they are satisiied, after due iiKpiiry, tliat means for reiideniig harmless the 
poisonous, noxious, or jiollutiiig li(|Uids iiroccediiig from the, processes of such 
manufactures .are reasonably jiracticahle and availalile under all the eireiimstances 

of the case, and that ..literial injury will be iiiHietcd by such proceedings on 

the interests of such industry. . . .” 


I'ractieally, liowover, tliis Act reuiaiiied tor iiiiuiy years a dead letter. 
Its cliief defoet was tliat its .administration was entrusted to the care of a 
nndtitiide of Sanitary Antlioritios, nearly all ef whom wore themselves 
gross ufl'endors. 

By the establishment of Uoiinty Coimeil.s,nndor tlie Local (Jovernment 
Act, 1888, this defect was to some extent remedied by placing in their 
hands the power of enforcing the Act of 187G, and tn the action of these 
County Ooiiiioils and their Joint Committees the pi-ogrcss that has been 
made in the purification of streams is almost entirely due. Tlieso Councils, 
having jurisdiction over largo areas, and, e.xcept in the case of County 
Boroughs, not lieing themselves ett'enders, are in a bettor position to deal 
with questions of this kind. 

The Act of 1888 provided for the combination of adjoining County 
Authorities in the administration of the Kivers Bolliition Prevention Act, 
1876, so that one Joint Committee could ho formed to deal with the whole 
course of a river. Under this provision, which had been recommended by 
the earlier Royal Commissions, three Joint Committees have been formed 
to deal with the streams most grossly polluted by waste waters from 
industrial processes. These are the Mersey and Irwell Joint Committee 
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and the Kibble Joint Committee, which were set up in 1892, and the West 
Riding Rivers Board, established in 1893. These three Committees 
consist of members appointed by the County Councils and County Boroughs 
in the rtspcctive areas to administer the Act of 1876. This Act was 
slightly amended by a short Act of 1893, and the Mersey and Irwell Joint 
Committee in 1892 and the West Hiding Rivers Board in 1894 obtained 
special Acts, but these add only slightly to the powers given by» the 
former Act. The Middles((x County Council, however, in special Acts 
of 1898 and 190G, obhiined considerably extended powers within its 
own area. 

There are two other .\uthoritie.s, the Thauie.s Conservancy Board 
and the Lee Conservuney Board, wliieh exercise jurisdiction as regards 
pollution practically over the whole area of a watershed, irriispective of 
county boundaries. The Thames Conservancy was incorporated in 1857, 
and the Lee. (bnservancy (a very ancient body) was I'eeonstitnted in 1868, 
but both bodies wore jiriniarily intended for the control of navigation. In 
various Acts wdiieli they have obtained from time to lime, clauses have been 
inserted giving them powers to iirevent pollution in their respective areas, 
and by the 1879 Act the Li‘e Conservancy was specially granted power 
to administer that Act to the cxclnsion of other Sanitary Authorities. 

The Act of 187(i has important clauses dealing with the reee|)tion of 
trade refuse in public sewers and its subsecpieiit treatment by Sanitary 
Authorities, which will la! disalt with in detail in Chapter XII., but 
these provisions have been fo\nid <pnte inadoipiate, and the anomalies in 
connection with the imitter have given rise to great discontent amongst 
mannfaetnrer.s and ratepayers Furthermore, the! Royal Commissions 
already mentioned rece^nmended tlnit sewage should always be purified 
by its application to land, and for many years the Loc,al (fovernment 
Board insisted u\M!n this being done in all eases where their sanction to a 
scheme of sewage disposal was leipiisite, but in the early ’nineties the 
purification of sewage on artificial filters by biological processes had so far 
been proved successful .as to indicate that the use of laud was not always 
necessary. Consecjucntly, another Royal Commission was appointed in 
1898 to inquire and re])ort “ w hat method or methods of treating and 
disjrosing of sewage (including any liquid from any factory, or manufactur¬ 
ing prodCss) may properly be adopted.” This Commission is still sitting, 
but has issued numerous reports, several of which deal with the disposal 
of trade refuse. 

In their First Report (1901, p. 1,3) the Commissioners recommend 
the creation of a Supreme Rivers Authority to deal with matters relating 
to rivers and their purification. In their Thirf Report (1903, pp. 15,16, 
and 17) they say 

“ that sewage containing trade effluents is generally more ditlicrUt to purify than 
ordinary sewage. . . . Our results fully support, the view that it is practicable 
in the peat majority of cases to purify mixtures of sewage and trade effluents 
if the manufacturers adopt reasonable preliminary measures. ... We are 
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satisfied that in some cases at least the purification of the trade effluent by itself 
would be vd!y difficult to accomplish. . . . We are therefore of opinion that the 
law should be altered so as to make it the duty of the local autliority to provide 
such sewers as are necessary to carry trade ctHuents as well as domestic sewage, 
and that the manufacturer shoidd be given the right, subject to the observance 
of certain safeguards, to discharge trade efllueutR into the sewers.” 

The^ again (p. 24) lay stress upon the neoessily for a Central Authority, 
and advocate the formation of Rivers lioaids throughout the country. 
Their Sixth Report deals cutiridy with the di.sposul of the liquid refuse 
from distilleries. In another Report, promised at an early date, they will 
deal directly with pollution of rivers by trade refuse discharges, and in an 
appendix to their Seventh Report they have already published some of 
the special evidence which tliey have idrtained on this subject. 

Action based on the recommendations of the Thinl Report has already 
been taken by several towns. Halifax and Hockmondwike in 1905 and 
Huddersfield in 190(1 obtained the sanction of Parliament to special Acts 
giving the nianutaetunu-s within their areas the right of discharging trade 
refuse into the public sewers, and empowering the Authorities to make 
regulations governing these discharges and to ctiarge the manufacturers 
for the treatment of their refuse in c.ases where no preliminary treatment 
is adopted. It is worthy of note that each of those Authorities has 
adopted the principle of reedving the crude refuse into the sewers and 
accepting a p.ayment from the manufacturer in lieu of preliminary treat¬ 
ment. Other towns liavt! had the adoption of similar measures under 
consideration, and would have applied to Parliament had they not been 
iissured annually for saveral years past liy the President of the Local 
Government Hoard that he had already jircpfu'fd a comprehensive Bill 
based on the Third Report of tin; Royal Commission and would lose no 
time in passing it into law. 

As the liiw at present stands any legal proceedings against a manu¬ 
facturer who pollutes a stretim are greatly .hampered by restrictions and 
saving clauses in the Acts of Parliament. These may have been necessary 
in 1876, when little was known of methods tor the purification of trade 
refuse, but now, after thirty-six years’ experience, they chiefly serve to arm 
the offender who does not wish to comply with the law. In the case of a 
pollution newly commencing, jvist as hi the case of one which lias been 
continuing for a hundred years, an Authority is debarred from taking 
proceedings until the sanction of the Local Government Board has been 
obtained, and in practice this is never given until local imjuiry has been 
held and proof given of the existence of the pollution and of means tor its 
prevention. The same formalities have to be observed even when at an 
adjoining factory exactly the same kind of refuse has been effectively 
purified tor many years. Moreover, when a new business is being started, 
in connection with which it is known that there must be polluting dis¬ 
charges of tra^ie refuse, a Rivers Authority Jias no power to act until the 
pollu^ng processes are in operation and actual pollution occurs. When 
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the Local Government Board has given consent to the taking of proceed, 
ings, two months’ notice of tlio intention to take these proceedings must 
he given to the offender, .and not until the expiration of that period can 
application ho miwle to the Court for an Order reqinring the observance 
of the law. Further, no provision is made for preventing mismanagement 
of purification works already constructed, except hy again going thrhugh i 
all the foregoing formalities. 

The history of Parliamentary action in dealing with trade pollution has 
been, as may he gathered from the foregoing, characterised hy delay and 
weiikness. Although hy the Towns Improvement Clauses Act, 1847, some 
attempt was made to lessen the ])ollution of streams hy domestic sewage 
it was not until 187(1 that the much grosser pollution by trade refuse was 
de.alt with, and thi! restrictions then im])osod wore such as to give the 
manufacturer every facility for jn-ocrastination or evasion. The reason for 
this is oidy too evident, and is well set out hy the Bight Hon. C. G. Milnes 
Gaskell in .an article in the A'ineleenlh de.uliiri/m 190.3, where he siiys: 

“The manufacturers were too powerful a body to be coin()elle(l to do their duty. 

‘ I’arliaiuent,’ T <mr.c sjiid to Mr Gl.adstone during the last year of bis life, Mias 
been very lenient to the luannfacturers.’ ‘Say far too cowardly,’ replied Mr 
GladsUine.” 

After this hi-ief statement of the growth of pollution hy manufacturing 
processes and of the legal measures adopted or contemplated for dealing 
with it, a dcserijition may now he given of the [irocesses from which the waste 
waters arise and of the methods of purification which have been adopted. 
This can best he aeeom))lished hy dealing separately with various trades, 
describing each individual process and the method!, adopted for the purifica¬ 
tion of its special kind of refuse. It will, however, he found that there arc 
often several distinct polluting processes at one mill, yielding waste waters 
which may have to he treated separately and hy totally different methods, 
or may he capable of purification when mixed together. On the other 
hand, the means of purification which arc successful in dealing with one 
kind of refuse may ho equally a))plicahle in other cases, for e.xample, 
apparatus for adding precipitants, tanka for the removal of suspended 
matter, or filters for drying sludge. 
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('irAl’TEU II. 

THU COAL TRADE. 

Polluting; fliHfliaigf.s-l*it Wiiti'i'—Oclire wator—lilnwin^'-Dll lioiU-rs and watar softening 
—Coal washing—01'jfct of washing—Km-ins of a\asln‘i—'rieaUnent—llibliograjdiy. 

In the coal trade theit! are many nperatinns in whieh water is folded. In 
pit sinking and in tlie ordinary eonr.se of getting eoal large (|iiantitie.s of 
water arc often met with, and these have to he drained into the streams : 
at many eollieries the )>it water is used in the hoilers, and when it eontains 
dissolved salts in oou.siderahle iinantity these are de])osited and must he 
blown out from time to time : if the wator is previously softened, and this 
is an inereasing jiraetice, there is a similar deposition of solids, which 
escape in the dischargi's from the softening apparatus: in many eases the 
eoal is washed to free it from impurities, and the eoahwashing water has 
to he disposed of: where eoal is made into coke, water ninst bo used for 
quenching the hot coke, and is generally used iqe.xeess, so that there is a 
considerable escape ofi,waste water: whei’e gas is mannfaetnred and bye- 
products are recovered, water is useil in many of the incidental processes, 
such for instauee as the recovery of ainmouia and of benzol, when very foul 
liquids may be discharged. 

The sources of pollution lire therefore as follows:— 

1. Discharging pit water. 

2. Iflowing-otf hoilers. 

.3. Water softening. 

4. Coal washing. 

b. Coke quenching. 

G. Manufacturing gas and recovering hye-products. 

Pit Water.—In Section f) of the llivers Pollution Prevention Act, 1876, 
an e.vemption is providoil from li.ahility to proceedings under that Act 
in regard to water in the same condition as that in which it has been 
drained or raised from a mine. This does not hinder a riparian owner 
from taking action at common law to stop any pollution caused by such 
water, provided that a right to discharge it h.as not been gained by lapse of 
time, agreement, or otherwise. 

When a new shaft is being sunk through water bearing strata it may 
be necessary to pump enormous quantities of water from it, some^mes as 
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much as 6000 gallons a minute. To avoid this, the whole of the water¬ 
bearing groiftid through whioh the sliaft is being sunk is occasionally 
artificially frozen, or rendered solid by the injection of cement, buf these 
are very expensive processes .and seldom adopted. Wlien the water is kept 
under by puinping, it is contaminated by the digging operations and may 
garry with it large amounts of elay and sand in suspension, and if dis- 
eharged into a cleiin stream may aft'cct it very injuriously. In such cases 
the provision of {xnids, through whicli the water is passed for the settle¬ 
ment of the suspended matters, is generally sullicient, and these ponds 
should have a capacity ci|ual to six or eight hours’ flow. Where the 
volume j)umpe(l is very large, the degree of pollution is naturally less, and 
treatment of the water may even he unnecessary. 

In the newer and deeper pits any water-bearing strata through which 
the shaft may pass .are “tubbed oflf” to ])n!vent the water reaching the 
workings, so that after the shaft is sunk there is generally very little to be 
dealt with. In the older and shallower pits, tuldung has not been so often 
adopted, and any water met with falls to tlu‘ lowi’st ])art of the workings, 
and must either be pumped out or drained otV by adits. This w.ater is 
often grossly contaminated by mud and fine coid, and should then be 
thoroughly settled in ponds or tanks before being discharged to a stream. 

Sometimes the water drains from str.ata contaiinng iron in the form of 
carbonate, when the escaping water may contain iij)|)reeiabl<' quantities of 
iron iiic.arbonate in solution. When exposed to the air carbon dioxide 
escapes, and this, together with oxidation, causes a deposit of ferric oxide or 
ochre, as represented in tl^e eipiation :— 

:i1feH,,(C( -t 0 l<’e ._,03 + 'J H„0 + *CO._,. 

More commonly the iron is ))resent in the strata in the form of pyrites, 
which, by exposure to air in the mine, becomes o.\idise<l to ferrous sulphate 
and free sulphuric acid, thus; - 

FeS,, -f 70 + H,() = FeSt), + H,SO„. 

By further oxidation ferric salts are produced, thus; — 

2FcSO^ + IfjSO, -I- 0 - Fe2(S().,)3 -p II^O. 

The water issuing from such a pit is highly acid in reaction and contains 
in solution large (piantities of ferrous and ferric sulphates (sec Table I.). 
Occasionally, where oxidation has proceeded further, there are also 
appreciable amounts of basic ferric sulphate in suspension. When such a 
water is discharged into a stream, the water of which is alkaline, there 
is an immediate precipitation of oxide of iron or ochre. F.ven should the 
water of the stream not be alkaline, the ochre is deposited, but more 
slowly, by a gradual oxidation process, or by the metabolism of certain 
organisms, such as Leptoihrix ochracew or Crenofhrir polysjmra, which are 
found to grow profusely in ochrey waters. Where a stream receives these 
discha^es it is also contaminated by the free acid which escapes along with 
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the iron salts, and the two jMllutions together may attain such a degree 
that they render the water of the stream poisonous to fish *life and to all 
ordiuSry aquatic flora and fauna, and unfit for any industrial use. Table 
I. gives the analyses of a nuinlier of ochre waters drained or pumped from 
coal and gannister mines. 

The volunn^s of such oclirc disch.arges may bo V('ry considerable, 

Percy C. (ireaves (Royal l!(jnnnission (Ui Sewage Disposal, 1S98, Seventh 
Heisirt, vol. j). l.oS) states that tlieri' are many eollicrios where from 
5 to 10 tons of water are pumped for every ton of coal raised. He quotes 
one <!asc where 2.11 I tons of ochre water esisqie from the mine daily, 
altlnmgh the output of coid is ofily .10 tons per day. 

The purification of tliese ochre waters piosents no technical difficulty. 


Taiii.e I. 


OCIIKIC WATEftS DRAINED OR IRIHRED KROM MINES. 
a'pmm! in imrhper IU(I,UII0.) 



1 Solid.mii 

1 Sdlids 


1 Iloli<Kc) 


1 


1 


SUS|K- 

llhloil 

! Ill Solution 





Hardness (in terms 

TdLivI 

(ilriod id. 

1 (drifd at 





of CaliOq). 

Solids 

liKi (’) 

1 100 

1 


(as lIjSilj). 

InSiis- 

III SoliiUoll. 

^ 1 










I)<‘llf>IOII 








Abli 

'I’otiil 

! Vbli. 



l‘Viri>u« 

I'Vrnc 

Total. 

IVriiit 

'I'BUipy. 


2l)-« 

12 D 



14 ’ 1 



W, 1 





f) 2 

4 1 



2 



17-4 





Nil. 

Nil. 



.Vi 1 ' 



IS-;, 




4:mK 

r.i s 

i;n 


:ur. 0 

1 f. 

7 1 

, f>-(i 

Nil. 

148-4 

148-4 

i»-0 


11> 

ri 

.V.ll 

40-0 

r7 

0 r. 

1 os 

3-0 

i 31 3 

28-1 

3'2 


fi 7 

3 .'■> 

2f)f)0 ! 

]o:t 0; 

, 40-I1 


: '2-8 

20-3 

140-.S 

140 8 

0-0 

a)7-4 

! (;-4 

1 

A 2 

20l4;i 

1 ir)3-2 

20 1 

■AC, 

iJO 

(i-(i 

; 13J-1 

1 

1113-0 

30-1 


Tlie Royal tfommission of ISfiS, in their Kifth Report, dealing with rivers 
pollution arising from mining o]H'rations, say (p. 1,1): 

“Tlu'i'C is indeed a most jiA'fect and efiiricnt reiuedy for this evil. . . . This 
reiueily consists in adding to the poiluti'd waler flowing from the mine, or being 
discharged from it, a ipianlify of (|nicldinie (previously slaked) sufficient either to 
neutralise the acidity of the wafer or to replace the oxide of iron it contains. 
About twelve hours’ suhsideiice of the precijiitated oxide of iron would then be 
required.’’ 

Ttfey point, however, to tlio great cost wliich treattuenf! would entail 
in some cases. .Since tlie date of this (lomtnission much experience has 
been gained, botli here and on the (lontinent, in tlie treatment of well 
waters containing iron so as to make, them lit for {ttiblic water supplies. 

Sometimes such waters are treated witli lime or soda in a water-softening 
apparatus, as for instance at Swadlincote and Wellingborough. At 
Linslade and Fenny Stratford, wliere the water contains considerable 
amounts of iitm derived from tlie Rower (ircensand, and also at Charlotten- 
burg and some other places on tlie Ooiitinent, where deep-well water 
carries with it iron in the form of bicarbonate, or hold in colloidal solution 
by humic, ulinie, and other organic acids, tlie iron is oxidised bj^passing 
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the water through aerating filters and removed by straining through filters 
of coke or sand. Oxidation and removal of the iron is also in some oases 
brought about by forcing tlio water l)y means of compressed air through 
a high-prcssnro filter of the type described in Chapter XI. Such a process 
is in use at Hastings, Tunbridge Wells, and several places near Bristol. 
\ similar method would be applicitble to those ochre waters, but after the 
separation of the iron the water would still contain free sulphuric acid. 
This could be neutralist^ as suggested above, and for this purpose less 
lime would be rapiircd than if the water had not been jireviously aerated. 
The use of manganese “poriiiiitit” (see p. ll!) for the oxidation and 
removal of iron has also recently ctaiie into use, and promis-es to be a very 
efficient process. 

Tahi,k 11. 

ffOlLER BLOW-OtT WATERS. 
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Any of these prooo.sses, however, woidd be costly if applied to the large 
volumes of water which are discharged from mines. In ]iractice it is found 
that if these oi-.lu-e waters are passed through jiballow ponds they deposit 
mucli of their contained iron and thus lose much of their polluting 
character. 

Blowing-off Boilers and Water Softening. As Ims already been stated 
the water pmnjjcd from a coal pit is often used for feeding boilers, and as 
such a water is fro(piently extremely hard (see Tables 11. and Ill.), fts use 
brings about the deposit of large (piantitcs of mineral salts in the boilers. 
Such a deposit may either occur as a finely divided sludge or may form a 
hard scale on the boiler plates. In the former c.eso the inconvenience may 
not be great, as the sludge can from time to time be blown out, but the 
diseharge thus produced contains far too many suspended solids to be 
allowed to reach a stream. T.ablo II. contains analyses of the water used in 
several such cases and of the polluting discharges when the boilers are 
blown off'. 

When the deposited solids take the form of a hard scale the injurious 
effect ofj|the use of such a water becomes very marked. The scale is a bad 



12 


TKADE WASTE WATERS. 


conductor of heat, so that increased quantities of fuel are necessary: the 
removal of the scale when the boiler is cleaned is a matter of difficulty and 
expeifSe, and the chiselling necessary is liable to injure the boiler plates : 
when the scale is very thick it may at any time crack and allow the water 
to reach the overheated plate, when there is great risk of an explosion 
from the sodden production of steam. Where economisers arc «ised jn 
connection with tlie boilers they arc even more injuriously afteeted, as the 
tubes rapidly laasnne choked by the d(!posited solids. 

h'or the above reasons it is a very general jiraetiee to .soften these hard 
waters before use by means of chemical j)reeipitation and settlement. One 
case may bo quoted where before a. softening process was adopted twenty- 
two boilem were necessary .and found scarcely sutlicient, wlnu'cas after the 
introduction of a water softener eighteen boilers wore sullicient, and these 
reipiired considerably less fuel per boiler. The solids settled in such a 
process must b(! disch.arged from the softening plant in the form of a liquid 
sludge v(>ry similar to that from blowing-ofl' boilers. 

.Such liquids are easily purilied by simple settlement, as the solids in 
suspension are readily dcqiosited. Tanks should be jn-ovided large enough 
to contain the niaxinimn dischargt^ at any one time, and these should be at 
least in duplicate, so as to allow time for settlement and cleansing. They 
should be provided with olliciont means for letting ad' the top water without 
disturbing the sludge. The sludge thus produced consists for the most 
part of carbonate of lime in very line subdivision, and this is stated by 
.1. llendriiik, ll.Sc., K.I.O. ((tltimical Trade ,/iiuma/, :11st Septeitdair 1!I12, 
p. 29.'')), to be very iisefid for agrieulturid purpiises. 

A new ])roeess hm', recently come into u.se for softening hard waters, by 
means of “ I’ermntit,” which does not |)roduee the liquid sludge discharged 
from the older processes. The water is piissed through a filter of artificial 
zeolite, an iduminate-silicate of sodiunj, which has the property of disphicing 
the calcium and magnesium of the salts in the water by the sodium of the 
zeolite. After the filter has run for some time it must he regenerated, and 
this is accomplished by treating it with a small volume of a strong solution of 
sodium chloride, when the deposited c.alcium or magnesium permutit is again 
decomposed, with forniiition of sodium ])ermutit and calcium or magnesium 
ohlorfde. These latter sidts are washed out, and the washing water is 
exceedingly hard, iind if discharged to a strciim would in some cases be 
obnoxious to msers of the water lower down. In such cases the adoption of 
this process is not advisiible. .Sometimes, however, where this process of 
water softening is adopted at a mill where soapy liipiidsare discharged, the 
calcium and magnesium chlorides in the washing water from the filter 
might be used as precipitanls for the soap. 

As has been mentioned, a manganese permutit can bo used for the 
removal of iron from water, a process which also sterilises by the action 
of the higher oxides of manganese. In this case the regeneration of the 
permutit is effected by means of a ponnanganate sofutiou. 
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Coi^ WaBlimg.—The Bivers Pollution Commission of 1868 paid a good 
deal of attention to the pollntion of streams by water fouled in coal wash¬ 
ing, and investTgatod the effect of this pollntion on the Derbyshire part of 
the River Bother (see Fifth Report, vol. 1, p. 7, and vol. 3, pp. f86 et 
eeq.). In a paper by Mr (Jcoige Howe, rejiriiited by the Coininission (Fifth 
Iteport, vol. 2, p. 192), it was clearly shown that all jxjllution of the 
stjeam by coal-washing refuse could readily be prevented, and that not only 
were the means required very simple, but that their mloptiou would be 
profitable to the collieiy owner. Similar evidence has been given before 
the present Royal (Jommi.ssion by Mr I’. 0. (Irciaves (Seventh Report, vol. 
3, (). 30270-1), who stated that at praeti(;ally all the collieries with which 
he is connected me,ins have been adopted to ])nrify this kind of refuse. 

SiiKiO the 1808 Commission reported there h.as been a very great 
increase in the number of places where coal is washed,and had it not been 
found easily jrracticable to jairify the water discharged, the resulting 
pollntion of the streams from this cause would have been very great. 
The coal raisi'il annually in the United Kingdom amounts to .about two 
hundrcil and seventy million tons. (Jf this amount over thirty-five million 
tons are converted into coke, GO or 70 2 )er cent, of it being previously 
washed, and a proportion of the coal which is not made into coke is also 
washed before it reaches tin' consumer. Moreover, the amounts of coal 
raised an<l coke produeeil are increasing year by year. 

An interesting rejiort on the various methods of coal washing is given 
in the Vrimsndiijiix 0 / tlii‘ Minimi liinliliih' i>f Smllnml for 1889, and 
although since then considerable modifications and im|)i’oveineuts in the 
washers have been introduc'd, these have made little dift’ercnce in the 
character of the effluent j)roduced. Their effect haa, however, been to 
reduce the (juantity of dirty water finally discharged, for in nearly all 
modern washers the same water is circulated again and again. A more 
recent piVjier, descriptive of modern coal washcr.s, has been written by 
W. McD. Mackey, If.I.U. ^Journ. Hoc. (Jhem. ynd.,'1904, vol. 23, p. 431). 

The following brief descrii)tion may serve to exidain the irrinciples of 
the process, which is not one of washing in the ordinai y sense of the word, 
but rather a separation of the coal from its impurities by means of 
agitation in water. Coal as it comes from the pits often contains a con¬ 
siderable admixture of impurities, such as shale, clay, and jjyrites, which 
• greatly reduce its value, and esjiecially so in the case of coal which is to bo 
converted into coke for u.sc in the iron and steel industries. The larger 
pieces of stone and shale can bo picked out of the coal by baud, but when 
the coal and its impurities are broken up into small pieces this method of 
separation is impracticable, and it becomes necessary to wash the coal. 
The impurities are almost invariably of greater specific gravity than the 
coal, and when a mixture of small pieces of the two is agitated in water, 
they gradually separate into two layers, the coal at the top, and the “ dirt ” 
at the bottom. All washing machines are constructed to take advantage 
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of this difference in specific gravity, and are so arranged that the dirt is 
discliargod from one 2 >*^rt of the washer, wliilst the cotd issues with the 
water from another part. The coal is separated from the Heater either by 
straiding or settlement, but tlio waU^ which finally escapes usually carries 
with it large amounts of fine coal in suspension. 

Mr Mackey in his 2 )aper says tliat 

“ the Kiiii]>lcst and probably tlic (iarliesl hn-m of washer was the ti’oiigh, cPnsistiig 
of a troii}.,di or s|M)nt usually willi wooden side'*, and, in tlic later furms, glass 
slabs on the bottom to withsland Uu* a<*tion ol the water and ^ndt. The trough is 
about 2 feet wide, and set, at a slight slope, and extending as a rule not less 
than 40 feet. Down this the watei- runs, carrying tlio coal, and dams set at 
intervals <'atch (,he ilirt, the clean coal ])aKsing on. These troughs are usually 
worked in ])airs, one being (denned whilst the otlier is at work. 

“ Tlie niodilications of the trough form a c.lass which we may take firnt. Thus, 
in tlie ‘ Elliot’washer, an endlc-'S belt of d;i,iu.s is made to travel up against the 
flow of water and coal, delivering the dirt at the upjH*r end. The ‘Murton’ 
consists of an eudlc'v.s'lndt of sl(*el tra^s with dams aitucdied, carrying the dirt 
agsiiist the flow' of coal and water, and delivering it at the uji^’crend. In the 
‘ AIusc.ham]»’ the dirt is made to travel to the upjier end liy means of a screw (the 
screw m this case formiug the dams); and, lastly, the ‘ IfJackett’ consists of a si,eel 
tube or cylinder (3U feet long, and 4 feel in diameter) which turns as the coal and 
water Hows from (hk^ end to the other, tin* tube being lanl laterally at a slight 
slojie. A screw is attaidied U) the inside of tlie tnl>e, and as the tnlie revolves, 
the dirt falling behind this screwy wlindi forms a continuous dam, is taken to the 
ui)])er end of the tube and discharged. Tlie coal to la* treated (along with part 
of the water) is delivered l»y a stationary spout nuining to about the middle of 
the tube, and the dirt gets a fnrtlicr washing wdieii it jiasses this jioiut by a 
stream of water whicb enters at the up])er end. 

“To a .s(‘cond cla&s belong w'asliers of the Jigger or pulsjitiiig tyjie. This 
includes the (lermaii wasliers, the ‘ Ijuhrig,’ the ‘ Humboldt,’ the ‘ Baum,’ and one 
at least of English make, the ‘ Sliep]tard.’ W'ashcrs of this t,ype consist essentially 
of a grid through wdiicli water rises and falls, being actuateil either by a ram or 
compressed air. Water and coal are led on to th^; upj>er surface of the grid at 
one end, and the clean coal, wdiich is se^iarated from the dirt by the (juick ujiward 
jig of the water, is dilcliarged with the stream of overflow^ water at the other. 
The dirt, which forms a lower layer, pai-My finding its way through the grid and 
partly being disidiarged into the chamher below by an ojiening at the further end 
of the grid, collects in the bottom of the chamber, and is brought out by a screw 
conveyer. In some leases the grid is itovered wdtli felspar, through which the 
dirt makes its way, and UhU^dly a washer consists of several chambers and grids 
for coals of dilferent sizes, the most vigorous pulsation's being given to the water 
for the larger sizes. In the ‘Baum’ washer, in its latest development, all sizes 
are treated over one grid, and the coal sized after washing. 

“A third class is represented by tlie ‘Kobinson’ washer, which consists of a 
vessel in the shape of an inverted cone, into which the coal is charged at the top, 
and upw'ard current of water, which overllowfe at one side, carries with it the 
clean coal, whilst the dirt sinks and is removed by a false bottom arrangement. 
The separation of the coal and dirt in the washer is facilitated by moving arms 
or paddles. 

“Recently, as a fourth class, we have table washers of the gold-washing type. 
Of these tlie ‘Craig’ is the best known in England. It consists of a steel taWe, 
on to which the coal, jireviously mixed with Water, is led, and over w'hich the 
clean coal floats and is discliarged at the further end, whilst the dirt, by an 
ingenious back bump arrangement, is caused to travel in the opposite direction 
and to be discharged olf the table. In this way very fine or ground coal can be 
washed, but the rate of washing is slow, not exceeding five tons per liour.” 

Since the above jmper was written, other forms of washers have been 
introduced, for example, the “ Primus ” and the “ Greaves,” in which the dirt 
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is separated from tlie coal by moans of a perforated tray to which a jigging 
motion is given under the surface of a tank of water. This produces the 
same effect asTn tlio washei-s of tlic pulsating type already mentioned, in 
which the ])erforated tray is fixed and tlio water ])ulsatcs. 

As tlio water used in coal wasliing need not lie very pore, that which 



Fin. 1. — tluinii .Settling Tank. 

escapes from tlie washer is now usually caught in a tank and pumped hack 
for re-use, with the double object of economising water and avoiding the 
waste of the fine coal in suspension. 'J’lie receiving tank should not be 
large enough to permit of sedimentation, for the fine coal must be kept 
circulating with the water so that it is continuously being returned to the 
washer. If allowed to settle it cannot afterwards he uniformly mixed with 
the rest of the coal and cannot by itself be made into marketable coke. 
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In some washers the uniform admixture of the fine coal is attained by 
quite a differcut method, which also has the advantage of clarifying the 
water used. In this method the washed coal and water are Iwth discharged 
into a large hopper, from the bottom of which the water is allowed to 
drain away, the coal acting as a very efleotive strainer. 

This iidmixture is also acoomplishofl by the Baum settling tank of the 
(Simon Carves Bye-product Co. (Big. 1), which consists of a tank in the 
shape of .an inverted cone erected on columns so that the water can run 
from it to the washer by gravitation. All the W'atcr is drained from the 
washer into a smnj) from which it is pumped through a pipe. A, into a 
hollow sheet-iron cylinder, B, the lower half of which is perforated. The 
water escapes laterally through the perforations, and the solids fall bo the 
bottom of the tank, where the slurry collects. The water escapes from 
the tank by the overflow, C, which returns it to the washer. The head 
of water in tlie tank forces the slurry through the regulating tfip, D, and 
lip the pipe, E, from wliich it is delivered on to the band conveying the 
washed coal from the washer. To prevent the water from running over 
the sides of the settling tfink, an overflow, K, is arranged which takes the 
excess water into sixirage tanks, (1. These arc in duplicate, so that one 
can he in use while the other is being cleaned out. The whole contents 
of the conical tank can he let olT into (J. 

The circulation and re-usc of the washing water may, in some cases, bo 
carried on continuously, when there need bo no discharge of dirty water 
from the washer; on the contrary, fresh water must be added to replace 
that which is absorbed by the co.d an<l dirt. In other cases, where con¬ 
siderable (piantitics of salt or finely divided clay are washed out of the 
coal, the water ultinjatcly becomes so full of these impurities that it has to 
be discharged as refuse. This dirty water is very polluting in character, 
as it contains large amounts of solids in solution dissolved out of the coal, 
and still larger amounts of solids in suspension, these latter consisting in 
great part of finely dividotl coal. In Table 111. are given the analyses of a 
number of samples of water taken directly from various washers, and, for 
purposes of comparison, the analyses of the same water's before use. 

It will be noted that most of the w.aters used contain large amounts of 
miuejral matter in solution. This is due to the fact that they have been 
pumped from the pits, the usual source of the water used in coal washing. 
These pit waters are almost invariably found to contain much dissolved 
mineral matter, especially chloride of sodium; for instance, the water from 
one pit in the South Yorkshire Coalfield contained 10,820 parts of this 
salt per 100,000, although, of course, this water was not being used for 
coal washing. Similar soluble mineral matters are dissolved from the coal 
in the process of washing, and in thirty-two analyses of effluents the 
amount of chlorides present has been found to vary from 5 to 906 parts' 
per 100,000. Several effluents were tested for arsenic, but none were 
found to contain it. 
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At one time tlio water from tlie washers was frequently discharged to 
the streams without treatnumt, hut any such discharges now taking place 
must 1)0 the result of accident or gross carelessness. The colliery owners 
are now, for tlie most part, fully alive to the loss of gocal coal when the 
water is allowed to escape directly from the washers, and take good care 
to prevent it. Recently, indeed, at several collieries, special washers have 
been pfV)vided for re-washing the sludge escaping from the primary washers, 
so that the coal in it may be I’ccovered and made into coke. 

The solids in suspension in the water from the washers are usually 
capable of rapid settlement. Sometimes, however, the waste waters 
contain very finely divided clayey matters whicli only settle with difficulty, 
hut this can be met by the addition of small quantities of lime water (see 
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Patent No. 7G3, 1911, W. Mel). Maekcy), as iu’tho sedimentation of china 
clay in the manufacture of porcelain. 

As has been jireviously described, the modern practice is to circulate 
the water for re-use, and the claim is often miule in the case of new washers 
that there will be no discharge of dirty water from them. In the aase of 
even the best washers, however, at times when they are stopped, say for 
repairs, the water they contain must bo discharged, and settling tanks 
must therefore be provideil to contain this quantity of water. In most 
oases, and especially if tine clay or salt is washed out of the coal, a constant 
escape of surplus water must bo anticipated, and, at frequent intervals, a 
discharge of all the water in the washer for cleansing purposes. There is, 
moreover, generally a quantity of dirty water draining away from the 
waggons of wet co.al or dirt. 

An accurate estimate of the ipiantity of water used is very difficult to 
(ffitain, and few collieey proprietors have been able to furnish it. It has 

2 
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been vario\isly estimated at from 600 to 2400 gallons per ton of coal 
washed; while to the Royal Commission of 1868 it was stjated by one 
witnesij (Fifth Report, vol. 2, p. 187) to bo 600 gallons per ton, and by 
another (p. 193), 1120 gallons. 

In one case in which the water is mostly re-used the information has 
been obtained that 990 gallons of water which lias passed through the 
washer are pumped back for re-use for every ton of coal washed, \iftiile a# 
the same time l.'l.'i gallons of clean water per ton arc pumped into the 
washer. Some of this latter quantity will be absorbed by tlic coal and 
dirt removed from the washci', since small coal wlicn washed will retain 
some 10 to 15 per cent, of moisture, so that not more than 100 gallons 
per ton will escape and reijuire to be purified. These figures give a total 
quantity of 112.5 gallons of water required to wash a ton of coal, and 
one-eleventh part of this as final effluent. In anotlier case, where also 
most of the w.ater is re-used, 12.5 gallons of clean water are pumped into 
the washer for every ton of coal waslied, but no estimate can bo obtained 
of the amount of dirty water re-used. 

For the ]mi'ilicatiou of this kind of refuse the means adopted .are 
almost invariably in the form of settling tanks or ponds. The 1868 Royal 
Commission (Fifth Rej)ort, vol. 1, p. l.'i) recommended that subsidence 
tanks should be pi'ovided of such a size that the waste waters can remain 
at rest for six liours; but the method of continuous flow settlement is 
now almost invariably adopted, wlien the tanks should have a eapacity 
equal to lialf a day’s maximum flow (cp. Royal Commission on Sewage 
Disposal, 1898, k'ifth Report, p. 229), and should be in duplicate to 
permit of cleansing. In certain cases, wheie much clay esciipes with 
the coal-washing watJr, or an exceptiomdly pure effluent is necessary, 
some form of straining filter may also be required, and tins is usually 
made of fine coke breeze or furnace clinker, materials which arc plentiful 
at every colliery. 

The following diagrams’(Figs. 2 and 3) sliow the kind of works whicii 
have been constructed. They recpiire very little explan.ation. The first 
figure is that of a plant from which there is an effluent regularly dis¬ 
charged, and the second of one from which there is usually no effluent to 
the stream. The effluent in the former case comes from a washer dealing 
with 80 tons of coal per day, and has been frequently practically free from 
suspended solids: in the second case the w.asher de.als with 400 tons of 
coal a day ; so that one may be considered a small plant and the other 
comparatively large, the average capacity of washers being about 300 tons 
of coal per day. 

Mr Mackey, whose description of coal washers has been quoted above, 
has devised a patent plant (Patent Nos. 11,410, 1905, and 1327, 1911) 
for the removal of finely divided suspended matter from a liquid, and has 
applied this to the treatment of coal-washing water with the double view 
of clarifying the water for re-use and recovering tbe solids so that they 
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can be miied with the washed coal. This plant is a modified form of that 
shown in Fig. 22 (p. 140). 

Results of the treatment of eoal-washiiig waters are given ki Table 


i 



IV., hut it must bo borne in mind that in the moat satisfactory oases, 
as has already been stated, all the water is constantly re-used, and none 
escapes to the streams. 

It will be notidbd that the effluents in Table IV., although usually 
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satisfactory in regard to tiio aniount of solids in suspension, contain large 
quantities of solids in solution, which in some eases might b« extremely 
detrimental t() the use of the water, say in the textile industries. For 
such use it might be necessary to adopt some sofleuiiig process. 

hi order to safeguard the streams and to recover as much water as 
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Fic. 3.—Works for treating Coal-wasliing Water for i-c-usc. 


possible it is advisable at every colliery to have final settling tanks or 
ponds situated as low as eircumstances will permit, so as to be available 
for the interception not only of the surplus water from the washers, but 
also of the surface drainage from the whole of the colliery premises. 
These ponds can readily be constructed by forming banks across a small 
valley or around a flat area with the spoil from the pit. The waste 
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waters, when turned irito such a pond, will percolate through the banks, 
and, thus filtered, may be made fit to discharge to a stream or to be re-used 
at the colliery. When the pond becomes full of settled solids its banks 
can easily bo raised by further tipping. In some cases ponds of this kind 
have been made a quarter of an acre in area and with banks 26 feet 
high.^ 

It is gratifying to find that the measures of purification adopted by 
colliery proprietors luave resulted in a groat saving to them. When the 
dirty water from the washers was discharged untreated to the streams, a 
much larger (piantity of water was needed for washing the coal, and it 
carried with it a largi! amount of gooil coal in suspension, amounting 
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in some cases to 200 tons per week. This coal is now almost always 
recovered and mixed with the washed coal. Where this is not done it 
can be used for burning in the colliery furnaces. It has also been pro¬ 
posed to form it into briquettes, either by itself, or mixed with’sewage 
sludge or some form of petroleum refuse, and to use it in a Mond or 
similar apparatus for the production of gas and ammonia. 

Coke Quenching, Manufacturing Gas, and Recovering Bye-products.— 
Although these processes are now in use at a largo and increasing number 
of collieries, they are more freijuontly found in connection with public 
gasworks, and the gas liquor arid bye-products are often manipulated by 
chemical manufacturers. The waste liquids discharged do not therefore 
concern the coal trade alone, and can best be dealt with in a separate 
chapter, in which are grouped all the polluting processes relating to the 
manufacture of gas. • 
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Extent of iniluHtry—Coke queneliiii^—Keeovevinq byr-pruducts—Gas liquor—Benzol 
recitvery — Kpent gas li<]uor — Law dealing with eheinical refuse— Metlnxla of 
purification—Fowlerts method—liailellife’s methods—(Jrossniann’s nielhod—Wyld’s 
method — Ihse of ozone — Other niclhods of disjiosal—Evaporation^—-“Direct’’ 
jirocesscs of recovering ammonia *-Kiqipeiis’ process — Otto-H ilgeiistock process— 
Simoii-Carves plant—Storing gas—Power gas—Suction gas—llihlingrajiliy. 

Tiik (lialillii,ti(iii of coal, wluitUor priiiiavily for tlio pvoifucliou of gas, as 
at gasworks, or for the iiiamifac-turo of coko, as in coke ovens, is a great and 
iiicrea.sing iinliistry. Table V., abstracted from the Home Office Repen't on 
Miiu's and Qn" cries for HUD, Part 3, p. '231, shows (he annual proflnetiou 
in the United Kingdom of coke at gasworks and at coke ovens during 
1909 and 1910. 

Taiii.r V. 



Coal Usi‘(l ill 

(Joke OliUi 

iu‘(l (Tons). 

Yt-ir. 

Maiiufifi^ture of ('oKc 

_ _ 

_ _ 


(Tons). 

At (lasworks. 

At Coke Ovens. 

1909 

34,f>14,673 

7,370,.098 

ll,490,ri.’’il 

1910 

34,964,208 

7,406,154(5 

11,1)25,116 


In the older process of coke niannfactnre, the ovens used are allot the 
“ beehive ” type, in which no attempt is miule to recover the gas produced, 
but these are gradually being replaced by patent ovens of various types, 
the gas from which is utilised and its byo-prodiiets recovered. The number 
and kind of ovens in use in the United Kingdom are. shown in Table VI., 
which >'* 'flso abstracted from the above lleport, p. 924. 

Ooke Quenching.—At all gasworks and at collieries where coke is 
produced, whether in beehive or patent ovens, water is required for 
quenching the hot coke. At ordinary gasworks the coke is usually spread 
out on a stone floor and cooled with water, played upon it from a hose. 
The amount of water which escapes is generally not large, but there 
may be some excess, and this may carry with it sufficient fine coke in sus¬ 
pension and dissolved impurities to render it unfit to (hscharge to a stream 

24 



COAL GAS MANUFACTURE. 


25 


(see Table VII.). In the case of collieries where beehive ovens are used, 
the quenchingiusually takes place in the oven itself, and the whole of the 

water is generally evaporated. «■ 

The coke produced in patent coke ovens is sometimes also quenched by 
water from a hose, but, as the coke bench upon which the hot coke rests 
usually slopes considerably, the amount of water which escapes may be 
Idtge. iloro especially is this the case when a mechanical quencher is 
used. This is an apparatus in the form of a hoo<l, under which the hot 
coke is pushed as it emerges from the oven, and from the inside of which 
water at a high pr(!ssure is clirecb^d upon the coke from a number of jets. 
When this method of quenching is adopted nearly a ton of water is 


Taiii.k VI. 


Kind of Oven. 


Bftehive 
Ooppeo 
Simon Carves 
Senict-Solvay 
Otto-llilgenstocl\ 
Ko|>}»ers 
Simplex 
Huesaeuer . 
Bauer . 

Collins . . 

Mackoy-Seynioui*’, 
Other kinds 


Total 


Numlior 

in Use. 

1909. 

1910. 

17,:t93 

16,037 

1,969 

1,991 

1,143 

1,140 

842 

1,055 

948 

1,025 

408 

507 

266 

334 

239 

249 

52 

52 

45 

45 

32 

32 

866 

it 516 

24,182 

22,983 


used for every ton of coke, and of this amount nearly half a ton escapes 
evaporation and drains away, but this can be caught and re-used, so that 
there is no need for any coke-quenching water to be discharged as refuse. 

The escaping water contains, as has been stated, a large amount of 
finely divided coke in suspension, as well as some matters in solution 
which have been extracted from the coke (see Table VII.). It must not bo 
assumed that the solids noted in these analyses of coke-quenching waters 
have all been extracted from the coke, for on comparing them with the 
amounts in the waters used it is evident that the latter contained much 
solid matter in solution. The suspended coke deposits readily in settling 
tanks, and the liquid remaining is usually pumped back for re-use. The 
settling tanks should be made large enough to hold at least four hours’ 
maximum flow and should bo in duplicate to allow of cleansing, and the 
overflow from these tanks should bo received in a storage tank from which 
the water can be pumped back. If any impure liquid, such as that from 
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ammonia stills, is mixed with the cokeHjuenching water, then care should 
be taken that ail is continuously re-used. Where clean \yater only has 
been jised for quenching, the effluent from the settling tanks can be entirely 
freed from suspended matters and tarry particles by being strained through 
a fine bed of coke or a filter of wood shavings, and may then be used for 
any of the colliery purposes, or may oven be discharged to a stream with¬ 
out detriment; but, as has been shown, the process cousumbs large 
quantities of water and there is therefore no need to allow any to escape. 


Taiile VII. 

(» K E- QU ENCIII N( I RE El FSE. 
[Iti-su/ls rjrpirssefi ht /Kirts per 100,000 .) 




Solids in Siife- 

S<did8 i\\ Sulu. 

0\.vgcn ah- 
Borlied from 

N 

- pemian* 





Ipeimioii (dried 

tion (dried at 

llardiiessfus CaCOq). | 

Nalure o( 

'rutal 

at 100 C ) 

100“ C.). 



1 


SuIuIr. 





80 



j 






gauatein 










four hours 



( 1 



Total. 

Asli. 

'J'otal. 

Ash. 

at 20 7 C. 

Tot'll. 

Perint. 

|Tenipy.: 

From {^works i 







. 


■ 

Crude 

41-5 

10-4 

3-6 

31-1 

10-4 

1-66 

25 1 

19 4 

5-7 j 

Crude 

100-C* 

ir»-o 

«-4 

85-0 

61-6 

2-48 

41 4 

40-8 

06 , 

Hpttlcd 

(Kl-C 

i-o 

1-1 

68-1) 

56-0 

0-5-2 




From Cuke ovpiia: 









i 1 

Water need 

141'0 



1410 

130-0 

0-00 

.. 



Crude 

2.i07-0 

2034-0 

7028 

173 0 

160-0 

11-84 



i “ ' 

Water used 

7S*81 

1-0 

0-9 

796-2 

644-4 

0-G4 

110-9 

83 5 

1 27-4 

Cruile 

0»7-4 

119-C. 

64-4 

877-S 

755 2 

3-60 

133 1 

1331 

I 00 

Water used 


0-i 

0-2 

206 0 

184-4 

0-14 

31 9 

18-0 

: 13-3 

Crude 

0118-3 

008-0 

167-7 

239-4 

215-2 

^ 22-45 

50-7 

39-8 

, 10 0 

Settled 

fiOO 0* 

0-8 

8-8 

602-8 

443-8 

1 43 





117-7 

10-7 

15-6 

98-0 

85-1) 

0-80 

40-7 

37-6 

3-1 

” ■ ■ 

181-f) 

1-9 

0-0 

170-6 

121-5 

2-26 

73 4 

C8 0 

5-4 


Recovering Bye-Products. In the manufacture of gas large (juantities 
of “gas liquor” are produced. It was at first looked upon entirely 
as trade refuse, but its treatment for the recovery of the ammonia 
it contiiius was soon undertaken, and this ammonia now yields a very 
considerable profit. The works at which ammouiacal liquor is produced or 
dealt with arc either ordinary gasworks, or the iiromises of chemical 
manufacturers, patent coke ovens, blast furnaces, shale-oil works, or 
works whore gas producers have been installed. 

In many of the larger gasworks a plant is provided for the distillation 
of the ammonia from the gas liquor, but fortunately in the great majority 
of gasworks the liquor is not manipulated on the spot, b>it is stored and 
sold to chemical manufacturers. This greatly reduces the number of 
polluting discharges, although it does not lessen the quantity of polluting 
liquid discharged. 

Within the last few years patent coke ovens have been introduced at 
many collieries, and from these the gases are recovered, and incidentally 
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large quantities of gas liquor are produced, which are invariably distilled on 
the premises. , Another source of somewhat simiiar poliution which may 
increase in the near future occurs in oounection with the mamifactvjfo of 
power gas (see p. 44). 

At blast furnaces where coal is the fuel used, as is generally the case 
in Scotland, much gas escapes from the furnaces, and this is washed for 
tHfe recovery of its ammonia. At works wlicro sliale is distilled for the oil 
it contains, gas iiquor is also pi'odnccd, and is treated like that from 
gasworks. 

The iucnsise in the quantity of gas liquor produced, which has been 
very great in recent years and will be still greater in the immediate future, 
is thus little dependent upon the manufacture of gas for illuminating 
purposes, but is due first to more e(!onomieal methods of manufacturing 


Taiu.k vm. 


Sulphate of Aiimiuiiia (tons) Annually Pnidunecl. 


Sourco. 




- 


- - ■ - 

— 



1S9S 

1900. 

1902. 

1904. 

1906. 

1908. 

1909. 

1910. 

Gasworks . 

129,r)90 

id,419 

150,055 

ir. 0,-208 

157,160 

165,218 

104,276 

167,820 

Coke oveim 

5,403 

10,393 

15,352 

20,848 

43,077 

64,227 

82,886 

92,665 

Shale works 

37,201 

37 ,’JO? 

36,931 

42,480 

48,534 

53,628 

.57,048 

59,113 

Iron works. 

17,935 

10,959 

18,801 

19,568 

‘21,-28 4 

18,131 

20,228 

20,139 

Producer gas and car- 









bonisin^ w< >rks (bone) 

6,1 e.*; 

0,088 

8,177 

12,880 

18,730 

24,024 

24,706 

27,860 

Total . 

190,357 

■213,726 

229,316 

24.4,990 

289,3*1 

325,228 

349,143 

367,687 


coke, in which the gases which were formerly burned to waste are now 
recovered and treated for the separation of ammonia and other bye- 
produets, and secondly to tho increiaing mamffacture of gas to be used 
either as fuel for boilers or directly for power production in gas-engines. 

Table VllI., abstracted from the Annual lleports of tin; Chief Inspector 
of Alkali Works, will give some idea of the rate at which the production of 
gas liquor is increasing. It shows the annual production of sulpl*te of 
ammonia from various sources within the United Kingdom. 

Oas liquor is pro<iucod in the dry distillation of coal, or, in other words, 
in the conversion of coai into coke, in two ways. When the coal is heated 
in retorts or closed chambers it gives off a large quantity of gas and 
vapour, which is received from the retorts into a hydraulic main, and tliere 
tar and gas Ikpior arc condensed. The gas passes on through coolers, 
usually formed of serpentine pipes cooled externally by air or cold water, 
in which more tar and gas liquor separate. Tho gas is then passed 
through a tar extractor, usually in tho form of baffle plates upon which 
the tar collects. Thi mixed tar and gas liquor are run into a general 
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storage tank in which they separate into two layers, a lower of tar 
and an upper of gas liquor, and from which they are ta,ken separately 
for fjirther manipulation. 

The gas from which the tar and gas liquor have condensed is rich in 
ammonia, for the recovery of which, as well as for the purification of the 
gas, it is passed through a series of towers called “scrubbers” or , 
“ washers,” whore it meets a spray of water. This absorbs the 'ainmoffia 
and, at the same time, a large number of tarry matttws and sulphur 
compounds, and is then also known as gas liquor. It is usually also run 
into the geuend storage tank. 

In order to reduce the (juantity of water used and to produee a 
stronger gas li([uor, as well as to dissolve the fixed ammonia salts out of 
the tar and to keep the tar moving, part of the water from the scrubbers 
is often pniuped instead of clean water into the hydraulic main to form 
the water seal, and by proper management a further great reduction 
can be economically eft'ccted in the amount produced in the scrubbers. 
These are usually arranged in a series of three, through which the gas is 
passed consecutively, and by using clean water in the last of the series, 
pumping it up for ixmise in the second, and again, as it escapes from the 
second, pumping it up to the first, the amount of water required is at once 
reduced to a third, while .at the same time tin; gas liquor is proportionately 
stronger. 

Gas licpior, whether obtained from the manufacture of givs in gas¬ 
works, or as a bye-product from other processes, contains ammonia in 
two forms, free, and fixed in combination with acids. This ammonia is 
recovered by distillation in two stages, the Ifipior being first boated by 
itself, by means ot live steam, when the free ammonia and a certain 
amount of volatile ammonium salts escape, and afterwards with the 
addition of lime, which sets free the ammonia which has been combined 
with the stronger acids. The gas li<|Uor from blast furnaces and shale-oil 
works contains so little fixed ammonia that it is generally distilled with¬ 
out the aid of lime. The ammonia escaping from the still is pivssed into 
strong sulphuric acid in a “ saturator,” where it is seised upon by the acid 
to form crystals of sulphate of ammoiua. 

The hot vapours which pass from the still through the acid are cooled 
and condensed in a series of pipes into a grossly polluting liquid which is 
known as “ devil water.” This liquor is sometimes discharged as refuse, 
but is generally, and should be always, returned to the storage tank for ■ 
gas liquor and circulated again through the still. The bulk of the refuse, 
however, comes from the still, being the spent gas liquor after the ammonia 
has been driven oft’, along with the lime which has been added in the 
process of distillation. Modern stills are always so constructed that the 
crude gas liquor is continuously entering at the top, and the spent liquor, 
with the spent lime, escaping at the bottom. Other subsidiary polluting 
discharges, such as occur from leaky pipes, surf»ce drainage, and the 
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spilling ot tar and oils, are only small in amount and can readily be 
preTented. • 

One such subsidiary discharge in tlic case of some patent coke ovens 
may be specially mentioned. The gas, after passing through the washers 
where the ammonia is dissolved out by water, is very rich in benzol, which 
. forms another valuable bye-product. This is extracted by passing the 
gas through a scrubber in which tar oils (creosote) are used instead of 
water, because benzol is soluble in the former but not in the latter. This 
solution of benzol in creosote is distilled like the gas liquor, lirst with the 
aid of a current of live steam, and finally by means of heat applied by a 
steam coil, which drives over the benzol mixed with the v.apour of water. 
These in condensing separate into two layers, an u|)per of benzol and a 
lower of water, and the Wiiter, although fairly bright and clear, is still 
grossly polluting, and ipiitc unfit to discharge to a stream. It contains, 
however, a considerable amount of ammonia, and can with advantage be 
run into the gas-liipior tank, as is done in some cases, or can be used for 
the absorption of fuither ammonia in the washers. The tar oils from 
which the benzol has been distilled are re-used for the absorption of more 
benzol, and are too valuable to bo discharged as li<juid refuge. When 
they become too highly charged with impurities to be fit for re-use, they 
are sent to the tar distillei's for redistillatiou. 

The spent gas li(jnor leaving the ammonia stills is a light brown liquid 
of a temperature of some 100" C., turbid wdth particles of spent lime and 
tarry matters, and having a peculiar offensive smell. From the presence 
of the lime, it is strongly alkaline and exceedingly hard. Most of the 
lime settles readily, leaving a com])aratively clear liquid, the chemical 
composition of which is somewhat complex. It is sufficient for the purpose 
of showing its polluting character to say that it still has a brown colour 
and an offensive smell, and contains large amounts of acidic and basic tar 
oils and noxious 8 ul])hur com])ounds, that the oxygen it absorbs in the 
permanganate test is exceedingly high, and the hjirduess, partly temporary 
but chiefly permanent, very marked. Analyses of both crude and spent 
gas liquors are given in Table IX. 

The effect of a discharge like this upon a small stream is disastrous, 
the water being rendered poisonous to fish and cattle, offensive And 
^ discoloured, and unfit in fact for any of its ordinary uses. Moreover, the 
great capacity of the refuse for absorbing oxygen is very detrimental to 
the stream in preventing the self-purification which goes on in all streams 
under ordinary conditions. 

The law relating to this form of pollution is clear and distinct. By 
common law a riparian owner has the right of receiving the water of a 
stream in its original state of purity, and can take action to stop the 
discharge of any polluting matter into the stream, unless the person 
causing such a discharge has acipiired a right by prescription or otherwise. 
In the llivers Pollutioif Prevention Act, 1876, such pollutions are dealt 
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with in the same way as those caused by any other manutactnring process. 
The I’niilic Healtli .\ct, 1875, is much more drastic; Seotiou 68, following 
the (h'-sworks Clauses Act, 1847, says that: 

“ Any jiersou engaged in llie manufacture of gas who-~(l) Causes or suffers to 
he hrouglit or to now into any .stream reservoir aqueduct pond, or place for 
water, or into any drain or pipe communicating therewith, any washing or other 
substance produced in making or .supplying gas ; or, (2) Wilfully does any act 
connected with the making or siqqdying of gas wherehy the water in'any sucli 
stream reservoir aqueduct pond or jilace for water is folded, shall forfeit for 
every such offence the sum of two hundred pounds, and, after the expiration of 
twenty-four hours’ notice from the local authority or the person to whom the 
water belongs in that beli.alf, a further sum of twenty pounds for every day 
during wliicli tlie alienee i.s continued or during the continuance of the act 
whereliy the water is fouled. . . 

The law with regard to the admission of this class of refuse to sewers, 
although not so emphatic, is such as to render it very doubtful if the 
admission could he enforced. Although Section 7 of the Ilivors Pollution 
I’rovcution Act, 1876, provides that facilities shall he given by a Ijocal 
Authority for draining trade refuse into public sewers, the provisoes are 
such as almost certainly to take away any such right thus to dispose of 
chcmicid refuse. Hosides, .Section 17 of the I’ublic Health Acts (Amend¬ 
ment) Act, 181)0, which is an adoptive Act, contains the following:— 

“Every jiersou who Uirn.s or penults to enter into any sewer of a local 
authority or any drain connecting therewith— 

“(») Any chemie.'d refuse, . . . wliieh, eillicr alone or in comhination with 
the sewage, cansi-s a imiaance or is dangerous or injurious to lieallh, shall be 
liahle to a penalty not exceeding ten jionnd.s, and to a daily penalty not exceed¬ 
ing live pounds.” 

To comply fully with the law on the subject, therefore, it would seem 
to be necessary to pyovent entirely the discharge of any spent gas liquor 
into a stream or sewer; and it is towards this result that most successful 
efforts have boeu made, ami, as will appear later, with proBt to the colliery 
proprietors. 

As a guide to the amount of spout gas liquor produced in the distilla¬ 
tion of coal, the following Hgurcs, estimated on the dry coal converted 
into coke in coke ovens, may he given ;— 


Water of combustion 

1 

to 

6 ])er cent.. 

or 9 

to 

14 

Moisture in coal 

10 

tiO 

15 „ 

22 

to 

.8,8 

Watfr from scrulibors 

15 

to 

20 „ 

„ 3.8 

to 

45 

Steam for distillation 

8 

to 

10 „ 

„ 18 

to 

22 

Lime water added to stills 



10 „ 

- 


22 

Total 

47 to 61 „ 

„ 104 to 136 


gallons per ton. 
»» 

»> y) 

yy yy 

»» 

yy j» 


Thus a battery of forty coke ovens, turning into coke some 200 tons of 
coal per day, will roughly yield 25,000 gallons of spent gas liquor per day. 

It hfus been pointed out that by using water from the scrubbers in the 
hydraulic main and by resorting to the counter-current principle in 
washing the gases, the volume of gas liquor can he greatly reduced. The 
spent gas liquor can to some extent be used up for^ preparing the milk of 
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lime which ia introduced into the atills and for filling the seal pots of the 
scrubbers and tar extractors. 

The purification of this kind of refuse has been a problem diffieult to 
solve. It is easy, by the use of simple settling tanks, to get rid of 
suspended solids, but these, although objectionable, are innocuous compared 
with the matters in solution. It has been shown by Gilbert .1. Fowler, 
ITTSc., F'.I.C. (.Ane/-«. Sor. Chem. Ind., 1911, vol. .30, pp. 174, 180,181), 
at Hroughton Road Gasworks, Manclxwter, and .at Frizinghall Chemical 
Works, Bradford, that tlie liipiid when diluted is amenable to treatment 
on biological filters, such as are described in Chapter XI. p. 269. He has 
consti’ucted a percolating lilter of somewhat coarse materi.al, 6 to 9 feet 
deep, and prepared it either by using material which had previously 
formed jiart of a sewage lilter, or by ripening the filter by the application 
of a weak sewage until nitrification was induced. To such a filter he has 
applied the s|)ent liipior from gasworks, clarified by settlement and diluted 
to ten times its original volnine, either with clean waiter or with the filter 
oflluont, at the rate of 100 gallons of the dilute liquid per square yanl per 
day. I'ho results of this treatment arc shown in Table X., where it will 
be seen that the ])rocess efl'ects a very marked reduction in the oxygen- 
absorbed figure, while the sulphocyanides and jiheiiols are also greatly 
reduced; but it must be borne in mind in considering the first series of 
analyses th.at part of the apparent purification is due to dilution with water. 

Dr Fowler has succeeded in isolating a special organism which 
apparently has the power of oxidising phenol (I’roc. Roy. Hoc.., 1911, B. 562, 
and .Tour,:. Hoe. dheiit. Jiui., 1911, vol. 30, p. 174). Bacteriological 
examination shows that altRough, as might be expected, the spent liquor 
coming from the stills is sterile, the effluent from the filter teems with 
bacterial life, sometimes containing as many as .320,000 bacteria per c.c. 

The eiist of carrying out this process is considerable, 2 to 3 cubic yards 
of filtering inaterial being required for every 10 gallons of the crude refuse 
produced daily. Thus, for a battery of forty oviTiis yielding 25,000 gallons 
of spent liquor daily, over half an acre of filter 6 to 9 feet deep would be 
required, and even after this purification, which is greater than has been 
attained by any other process, the liquid would still deleteriously affect 
a pure stream of small volume. It could, however, bo used for many 
colliery purposes, such as coke quenching and coal washing. 

Other methods of purification have been tried or suggested at various 
times. At Sutton and other places where spent gas liquor was discharged 
into the sower's and found to interfere with the treatment of the sewage, 
Mr Iladcliffe of Barnet introduced a method of precipitation with sulphate 
of copper in order to eliminate the sulphocyanides. In this process the 
refitse is settled to deposit suspended lime salts and is then treated with 
a solution of sulphur dioxide and calcium bisulphite made from the 
gases leaving the saturator. A solution of copper sulphate is next added 
to bring about a precipitation of cuprous sulphocyanide, which can be 
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recovered by settlement, dried, and sold. This process reduces the 
amount of phenols present and produces an effluent which apparently 
does not interfere with the treatment of sewage with which it Biay be 
mixed; it is said, in fact, to favour the growth of bacterial life. The 
effluent cannot be considered sufficiently pure to be discharged into a 
stream, but Mr Radcliffe claims that it might be used at a colliery for 
such purposes i»s coal washing and coke quetiohing. 

At Cambuslang Gasworks another patent plant by Mr Hadcliffc has 
been introduced in order to purify the gas Ihiuor so far that it can bo 
received into the public sewer and dealt with at proposed sewage works. 
The spent gas liquor is allowed to trickle down through a tower, up which 
the waste gases which escape from the saturator are allowed to piss. The 
effect of this treatment is stated to bo “ to precipitate free lime in solution, 
to decompose phenylate and crcsylate of lime and cyanogen compounds, 
also the precipitation of soluble organic matter in solution.” Into a lower 
and separate compartment of the same tower steam and air are blown to 
aid oxidation and to carry off some of the volatile impurities. The waste 
gases from the upper compartment are carried on to an ordinary oxide 
purifier, whilst the vapours from the lower comp.artment are conducted to a 
fire, where they are destroyed. The spent liquor after being exposed to the 
gases is conveyed to settling tanks, whore the lime and suspeudotl solids 
are removed, and passed through coke strainers to the sower. It is 
claimed that the resulting purified effliicnt when iidded to sewage in a 
proportion not exceeding 16 per cent, increivses bacterial growth, thus 
assisting the purification of the sewage. It is also claimed that at coke 
ovens such an effluent, like that from Mr R.adcliffq,’s other process, may 
be used for quenching coke, and s(une of it for steam raising, gas scrub¬ 
bing, and other puiqjoses. 

A modification of this plant has been erected by Mr Radcliffe at Enfield 
Gasworks and at Wellington Gasworks, the effluents being also discharged 
into the sewers. In this modified process acid w added to the liquor as it 
enters the aerating compartment in sufficient proportion to set free the 
Bulphocyanic acid present. This is earned over by the injected air and 
condensed in a receiver. Mr Radcliffe claims that by this method he can 
remove all solids in suspension, all free lime, all hydrocyanic acid, 'rt) per 
cent, of the sulphocyanides and 60 per cent, of the solids in solution, and 
can reduce the oxygen-absorbed figure by 76 per cent. 

J. Grossmann, Ph.D., F.I.C., in considering methods for preventing a 
discharge of spent gas liquor from the manufacture of sulphate of ammonia, 
suggests {Jmrn. Soc. CJvem. Ind., 1906, vol. 26, p. 411) tliat the gas 
liquor should be distilled without lime and the effluent from the still 
re-used in the scrubbers until it becomes sufficiently charged with fixed 
ammonium salts and cyanogen compounds to render their recovery profit¬ 
able. He has also suggested the use of dilute sulphuric acid inst^ of 
water in the serubbeR and the circulation of the acidified sulphate of 
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and then other means of disposal must be adopted. The spent liquor is 
used, mixed‘with other water, for washing coal, but has sometimes^ caused 
trouble in certain types of washer by frothing. At many collieries the 
refuse is used for slaking or quenching the hot coke as it is discharged 
from the ovens. Objections to this course have at times been suggested. 

has been said that this use of the liquor makes the outer surface of the 
coke dark in colour, spoils its bloom, and so depreciates its value; but 
after careful inquiry the general opinion is found to be that it makes no 
difference to the users whether tlio coke has been quenched with spent 
gas liquor or with clean water. Any objections which formerly were 
taken to the dark colour w’cre sentimental and are now rapidly dis¬ 
appearing. The same objections were in fact formerly naised with regard 
to any coke produced in patent coke ovens, since it is not so bright and 
lustrous as that produced iii the old beehive ovens. 

Another suggested objection is, so far as the public are conceniod, a 
much more serious one: it is that such a liquor, when evaporated into 
the atmosphere, may be injurious not only to human beings but to other 
animals, and to vegetation. Tliis would apply with eipial force to any 
metliod by which the refuse is evapoi-ated, whether on the hot coke, on a 
burning sj)oil-bank, or in a special furnace, but careful impiiries have failed 
to show any clt'oct either upon the health of the workers on the spot or 
upon that of the inhabitants of the country around. The chemical refuse 
so evaporated produces, no doubt, a certain amount of objectionable smell, 
but this is altogether insignificant when compared with that produced by 
the fumes of steam and snfoke which are discharged from every battery 
of coke ovens, or from a burning spoil-bank. * 

Direct evaporation of the chemical refuse in funiaccs of special con¬ 
struction has been adopted in several instances. This method of disposal 
has been in use at some of the blast furnaces in Lanarkshire and in 
Ayrshire for many years, the fuel being in these cases some of the surplus 
gas from the furnaces, of which there is always a considerable (piantity 
wasted. It has also been brought into use at two collieries, one in the 
West Hiding of Yorkshire and one in Derbyshire, at both of which the refuse 
is settled for the removal of the suspended lime, and then sprayed into 
hot furnaces, where it is evaporated and escapes by the chimney, leaving 
behind only a quantity of sludge, which is carted to the spoil-bank. 

At the West Hiding colliery the furnaces have been built by the 
Simplex Coke Oven Co., Ltd., and are so constructed that they can be 
heated either with gas from the coke ovens or by means of solid fuel. If 
coal had to be bought for the purpose, the process would certainly be a 
very expensive one, although the spraying renders the evaporation more 
rapid than would be the case in an ordinary boiler; but at a colliery with 
a coke oven plant thei'e is always an ample supply of waste fuel as well as 
the surplus gas from t^e ovens. 

In tjjjis case 14,.300 gallons of ammoniacal liquor are made daily and 
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distilled in the ordinary way, so that there are probably 18,000 gallons of 
waste liquor to be dealt with, and three evaporating furiiacdb have been 
brought into use, of whioli one at least is always held in reserve. These, 
including a special chimney 80 feet in height, spraying apparatus, and all 
necessary acoe.ssorieB, cost d61400 to build. 

Formerly waste tar and coke breeze supplemented by gixs from thp 
ovens were used as fuel, but now the furnaces are heated entirely by gas. 
As a result of this change, together witli some improvements in spraying 
the gas liquor, only one furnace is now required, whereas two u.sed to be 
constantly at work. The labour bill is also much reduced, as one man 
is now employed, and oidy for half his time, whereas two were formerly 
fully occupied. When the waste breeze and tar were being used as fuel 
the smoke from the chimney was at times considerable, but now nothing is 
seen but a cloud of steam. Formerly, the furnaces had to be relined at 
a cost of £20 each once in six months, and "wholly rebuilt every twelve 
months at a cost of .£80 each ; now, they have been worked under the new 
system for six months and show no sign of dcterioKition. 

The arrangenamt of the plant is shown in Fig. 4. Each furnace is 
1.') feet scpiare and l.'i feet high, made of red brick strengthened by iron 
bars. It is divided into four compartments by dwarf walls rising to 
within 2 feet of the roof. It Wiis at first lined with firebrick, but 
experience has shown that red brick stands better, and now it seems that 
large slabs of sandstone are more diu’ablc still. The joints arc the first 
to give way, and they are therefore made .as few and :Ui fine as possible. 
The great secret in preserving the lining of the furnace has been found 
to be to keep it constantly wetted, and the method of spraying has been 
improved with this object. The liquor is delivered through the roof of 
the furnace through four 11-inch iron pipes, one for each compartment. 
Eiwsh pipe has a blind end, and the liquor escapes in a spray through 
sixteen horizontal slits (1^ inches long and inch wide) made by a saw. 
The gas is fed through four 21-inch mains into that part of the furnace 
above the top of the dwarf walls, and the vapour escapes by the chimney 
flue, which is near the level of the floor. 

The liquor as it comes from the ammonia still is passed through two 
settling tanks having a total capacity equal to halt a day’s flow, and from 
these it passes into a sump, from which it is pumped by a Worthington 
pump. The pumping arrangements are in duplicate, so that one set is 
always available should the other break down. The Ihpior is pumped into 
the furnaces through the above-mentioned pipes and is blown through the 
slits in a fine spray by the aid of a jet of steam. This steam is supplied 
to the funiace by a 1-inch pipe and injected into each delivery pipe 
through a nozzle. By this arrangement the liquor is sprayed over 

the whole of the walls of the furnace, keeping them constantly wetted. 
The bulk is evaporated and escapes up the chimney, while the residual 
liquor with the solids resulting from the evaporation falls to ,the floor 
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of - the furnace and is drained back into the settling tanks. The sludge 
removed from these tanks, which includes the settled lime as well as the 
deposit from the evaporation process, amounts altogether to 25 (bus per 
month. As the furnace is liable to crack owing to the intense heat, some 
of the residual liquor occasionally escapes into the foundations, and it has 
been found necessary to intercept it by a deep drain alongside the f\irnace 
on the lower side, and to convey it to a sump, from which it is pumped 
bick to the settling tanks. 

At tlusse works tlie supply of gas is practically unlimited, and no 
attempt has been made to economise in its use. It is cstinuited that about 
200,000 cubic feet per day are used, the gas having a calorific value of 
450 H.T.l!., but if some form of llunsen burner were introduced this 
(piantity could be reduced by 40 or 50 per cent. 

At the Derbysliirc colliery 50,000 gallons of waste liquor are dealt 
with daily, and tlie total cost of tlic plant, including a special chimney 
and all the necessary accessories, was £15.38. Tlie fuel used is blast¬ 
furnace gas and waste gas from the ovens. 

In certain cases in ijiinarkshire, in connection with blast furnaces, the 
refuse has been used for feeding steam boilers, but in these cases the gas 
liipior has been distilled without the aid of lime. The method is not an 
advis.i'ole one for dealing with ordinary gas liquor, unless it is subjected 
to some preliminary treatment to remove the lime, and considerably 
diluted with clc.an water. 

The latest developments in coke oven chemical works seem likely to 
render superfluous all the foregoing methods of dealing with the gas 
liipior. At the least, they will reduce the volume und alter the character 
of the refuse to be dealt with, making the problem much easier. In 
December 1908, Mr A. Victor Kochs re.ad a piper before the Midland 
Institute of Mining, Civil, and Mechanical Kngincers (“ The Recovery of 
Bye-products from the Distillation of Coal, with Special Reference to the 
Koppers’ New Process,” Tmns. Jnst. M.E., 1908, vol. 36, p. 326), describing 
the Koppers’ new process for the recovery of ammonia from coke oven gas. 
Instead of extracting the ammonia by washing the gas with water, it is 
obtained by passing the gas directly through sulphuric acid in the 
saturator. The hot gas leaving the hydraulic main is coolecT to a 
temperature of about 30° C. and passed through a tar extractor, so that 
the tar and gas liquor are condensed. The gas is then heated to a 
temperature of 65° C. and passed at this temperature into the saturator, 
from which it passes on to the ovens, reaching them at a temperature of 
40° C. 

The bulk of the ammonia is thus taken up by the acid in the saturator 
directly from the gas, and there is no water used for scrubbing the gas 
and therefore no ammoniacal liquor from this source. But there is still 
the gas liquor produced from the original moisture of the coal and from 
the products of comlJustion, from which the ammonia must be distilled by 
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the aid of live steam and lime. The figures given at one colliery are as 
follows:—The amount of wet coal turned into coke per day is 740 tons, 
contiiining 12‘.’) ])er cent, moisture (88 tons); the water produced in the 
comhustion of the coal is 4-.3C })er cent. (.38 tons). The total possible 
(piantity of ammoniacal liquor is therefore 12(1 tons; the steam necessary 
for distillation 31 tons ; the moisture carried on in tlie gas 10 tons ; giving^ 
therefore a total quantity of w.aste liquor of I2(i +31 - 10 = 14? tons. 
This amounts to 22 per cent, hy weight of the dry coal coked, or 50 
gallons per ton. It was stated that in the old ])rocess, where the gas is 
sernhhed, a ton of water per oven per day is ixapiived for scrubbing, or in 
this case 120 tons per day, which would require another 30 tons of steam 
for its distilliition, and would thus increase the amount of waste liijuor 
by 150 tons, lly the new process therefore the amount of waste liquor 
would seem to be decreased by over 50 j)er cent. 

If benzol is to be recovered, the gas as it passes from the saturator 
must ag.ain be cooled to 25" or 30°(!. and scrubbed with creosote. If it 
is rc(pnred for g<as-eugines or for lighting purjioses it must in some cases 
be purified by the removal of sulphuretted hydrogen. 

The liipiid produced by this secondary cooling is not at all like that 
discharged from an ammonia still; when freed from particles of tar, which 
easily separate on standing, it is a pale yellow liquid and, as it contains 
no lime, it can be used, mi.ved with other water, for coal washing or coke 
quenching, or can ho evaporated by spraying it into the chimney of the 
ovens, in which way it is stated that as much as oiu' ton of liipior per 
oven per day c.an easily be dealt with. Eveij in an extreme case, the 
amount would not be luorc than this. Analyses of such liquids arc given 
in Table XI. 

A further development has been made by the Otto-Hilgenstock Coke 
Oven Company, Ltd. In their new plant (sec Fig. 5) the hot gases 
from the hydraulic main ])asB straight into the sulph.atc house, the tar 
which has condomsed in the gas-main being collected in a tar-trap. The 
rest of the tar is extracted from the gases by a somewhat peculiar method, 
hot tar being sprayed into the gas in a vessel called a “ tar-spray.” A 
little water separates with the tar and is pumped into the hydraulic main. 
Any excess contains fixed salts of .ammonia, and, being small in amount, 
can ultimately be run into the saturator with the acid, or can be 
evaporated for the recovery of ammonium chloride. The gases leaving 
the tar-.spray are still at a temperature above the dew-point, and the 
water vapour is therefore kept from condensing ; and without any further 
cooling the gases are passed through the acid in the saturator and thence 
directly to the ovens. A small amount of tar a{)|)ears in the form of a 
frothy scum on the acid in the saturator, but this is easily skimmed off. 
The gases leaving the saturator have a temperature of 85° C., but, in 
passing along the gas-main, they become somewhat cooled, and this 
causes the condensation of a little refuse water. 
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This refuse, like that produced by cooling the gas in Koppers’ process, 
is not like that from an ammonia still, inasmuch as it contains no lime, 
nor, b(,cause of the high temperature of the gas, docs it contain any 
sulphuretted hydrogen (see Table XI.). It can therefore be used, diluted 
with other water, for any of the ordinary purpo.ses of the colliery, or, 
being small in amount, can easily be evaporated by spraying it into the 
chimney of the ovens. In a properly constructed plant, where \.he gas- 
mains arc short and well protected, there is no need for the condensation 
of any liquid refuse whatever, and all the moisture can be pa.ssed on with 
the gases to the ovens. 

As in Kop|)Crs’ process, if the gas is used in gas engines, or if benzol 
is recovered, the gas must be cooled down to a temperature of 2r)" or 
.20“ (!., at which most of its water vapour condenses as liquid refuse. In 
on(‘ ease where this system is in use and 400 tons of coal are coked daily 
in si.xt.y regenerative ovens, the gas is cooled for use in a gas-engine, and 
the amount of liquid refuse produced by condensation is said to be about 
1 ton per oven per day, or 1.2,440 gallons in all. 

At another plant, wliei-o a direct recovery process is adopted, erected 
by the Simon-darves Bye-l’roduct Coke-Oven Cionstruetion and Working 
Company, l.imited, there are twenty-eight ovens coking daily 175 tons of 
eoal containing 11-5 per cent, of moisture, and the total amount of liquid 
refuse is 25 tons per day, 2 tons of which are deposited along with tlie tar, 
and the remainder in the proce.ss of cooling the gas for benzol recovery. 
At this place there is also a sulphate plant on the old system, and the 
waste liquid from the direct process is pumjjed to the scrubbers of tbe 
old plant. , 

A full description of the Otto-IIilgenstock plant is given in an article 
in Tlie Iron ami Cotd TratUd Review (“ The Direct Uecovery of Tar and 
Ammonia from Hot Cases,” Iron and Voal Trades’ Review, 1909, vol. 79, 
p. 959), an<l Fig. 5 shows the whole of the necessary chemical works. 
Those who are acquainted with the ordinary type of cliemical works will 
see at once how comparatively simple this new type is. The hot gases 
pass straight into the sulphate house, where a new recovery plant is shown 
in two series, one of which acts merely as an emergency reserve. They 
enteV the tar-sprays Tj and T^, where, through the cleansing action of the 
spray, they are freed from their tarry matter at a temperature above the 
dew-point, and whence, without any further cooling, they arc forced by 
the exhauster E through the acid in the saturator S, and relieved of their 
ammonia. The precipitated sulphate is ejected on to the draining table 
1), and dried in the eentrifugal C. The hot gases leave the saturator, 
still retaining all their moisture in the form of steam, and return uncooled 
to be used for heating the ovens. Coolers and benzol scrubbers can easily 
be added to such a plant and are shown in dotted lines. 

Similar direct recovery processes are now being advocated by most of 
the coke-oven firms, and they are even being intifiduccd in ordinary gas- 
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works (see Tits Local Government Officer and Contractor, 1910, vol. 9, 
p. 241, and Forty-dghth Annual Report, of the Chief Inspector of Alkali 
Works, 1911, p. 113), mainly because they are economical and more 
profitiiVdc than the old processes. 

The economies effected by the new processes arc many. The ohcnncal 
plant is simplified by leaving out the water scrubbers and, in the Otto- 
Hilgcnstock and Simon-darves plants, the coolers and ammonia stills ; the 
yield ot sulphate is said to bo increased by 5 to 10 per cent., and this is 
easily explained by the simplification of the plant and the coiiHOqucnt 
fewer opportunities for loss of ammonia. In the old process there is some 
loss by leakage, but more especially liccause the ammonia in the gas is 
not completely absorbed by the water in the scrubbers, and because that 
in the gas liipmr is not completely yiehlcd up in the process of distillation. 
The (piality of the sulphate is also improved, and less acid is reipiired for 
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the absorption of the ammonia, iiiasuiucli as, the fixed ammoiiia sa ts 
distilled from the coal do not require to be decomposed with lime and 
again fixed with acid. Further, the ijuantity of water required is very 
greatly reduced, the steam and lime necessary tor the ammonia stills in 
the old system are not required, and there is a considerable saving ijj the 
initial cost of the works, as well as in the upkeep. So great are the 
economics that in several instances an old-fashioned plant is being scrapped 

in favour of a new one. , 

In some ot these newer processes, such as those of Jiurkheiser, I) eld, an 
Fabri, means are adopted for the recovery of sulphur from the gas and 
its utilisation in the production of the sulphate of ammonia, but from 
none of these further processes is there any liquid refuse discharp . 

Storing Gas.—Where gas is stored in gas-holders, these invanabl^y 
have a water seal, the water in which, being exposed to the action of the. 
gas, absorbs various iinpurities. If kept up for any length of tmo i may 
become^ very polluting liquid (see analyses in Table XII.). Precautions 
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should be taken to prevent the discharge of such liquids to a stream, and 
this is no difficult matter, as there need be no flow of water through the 
water seal, but only the addition of a little from time to time to make up 
for loss by evaporation. The rain which falls on the surface of the 
gas-holder is usually sufficient for this purpose, and any excess should be 
jmevented from reaching a stream. , 

Manufacture of Power Gas.—There has recently been a great develop¬ 
ment in the manufacture of gas specially suited for internal combustion 
gas-engines and for tiring furn.aces and boilere. For the present purpose 
the gas plant used may be divided into two classes: those of the Mond 
type, in which bituminous fuel is used and .'immonia is recovered; and the 
suction-gas producers, where the fuel used is either anthracite or coke. A 
lecture on I’ralucer (las by H. A. Humphrey, A.M.I.C.E., given under 
the auspices of the hondon Chamber of Commerce (Higher Commercial 
Education l’amj)hlel Series, No. 11), describes concisely those of the 
former class, and gives several illustrations of the plant used. 

]!y passing a heated mixture of air and steam through the glowing 
fuel, a highly inflammable gas is produced, containing hydrogen, carbon 
monoxide, and methane, as the main combustible constituents, and carbon 
dioxide and nitrogen as non-combustible. Owing to the large amount 
of steam whidi is introduced along with the air, a comparatively low 
tem])cratnre is mainhiiued, and consequently ammonia is produced and 
passes on with the gas, which also contains dust, tarry inquirities, and 
cyanogen compounds. 

The impure gas, issuing from the producer (sec h’ig. 5a) at a tempera¬ 
ture of about 500° 0.,‘ is passed through a tubular regenerator, where it parts 
with much of its hoiit to the mixture of air and steam entering the producer. 
The gas is then passed thiwigh a mechanical washer, whidi is the name 
applied to a long rectangular iron chamber fitted with revolving dashers 
which rotate and fill thq whole chamber with water-spray. The partly 
cooled gas is hero further cooled and washed, and, moreover, much of its 
remaining sensible heat is transformed into latent heat by the evaporation 
of some of the water. The g.as, laden with its burden of steam, and now 
at a temperature of 85° C., then traverses, from bottom to top, a large lead- 
lined tower, called the acid tower, down which a stream of acid sulphate of 
ammonia liquor is always descending. This liquor contains about 2 per 
cent, of free sulphuric acid, which takes up the ammonia contained in 
the gas, converting it into sulphate of ammonia. To make the action 
continuous some free acid is always being added and some sulphate of 
ammonia Ihpior removed from the plant for evaporation and the production 
of solid sulphate of ammonia for the market. The gas and steam next 
pass downwards to the inlet of the “ gas-cooling tower,” in ascending which 
the mixture meets a stream of cold water which cleans and cools the gas 
and condenses the water vapour it contains. From the cooling tower it 
enters the gas-mains at a temperature of 70° C., and if the maii^s are of 
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any great length a considerable amount of liquor is condensed as the gas 
cools in them. 

At the other end of the plant air is driven in at a pressure eqi-al to 
25 inches of water, and passed iqiwarils through an air-heating tower, where 
it meets a spray of the water which has been heated in the gas-cooling 
tower. The imioiiiiug air thus becomes heated and saturated with water 
vapour, iftid after the addition of more steam the mixture of air and 
steam, at a tom|)orature of 8.5“ C., is led to the tubular regenerator, where 
it abstracts heat from tlie gas leaving the producer, raising it to a tem¬ 
perature over 200° C., and finally, in the Aloud |)lant, is further heated by 
its passage through an annular space surrounding the pnalueer on its 
downward course to tlie tire grate. 'The fire grate is at the bottom of 
the producer, which is scaled by means of water. 

The siilpliatc of ammonia liipmr removed from th(! acid tower is 
evaporated either in an open vessel or in a closed still under reduced 
pressure, to crystallis(^ out the salt. In tln^ former case the evaporated 
water escapes into the air, while in the latter it has to he condensed with 
large volumes of cold water. 

The possible sources of pollution from a pi,ant of this kind are 
therefore: 

(a) The water seal under the producer 
(t) The mechanical washer. 

(c) The gas-cooling tower. 

(//) The air-heating tower. 

(') The still for evaporating the ammonia licpior. 

(/) Tlie gas-mains. 

(y) The scrubbers, if the gas is used in gas-engines. 

The liquids from all these sources are somewhat similar as regards 
their polluting character to ordinary spent gas liquor. They contain 
sulphur and tarry compounds, but no lime, and they readily absorb oxygen. 

Since the process as a whole is one which consumes considerable 
quantities of water—one authority stales that a ton and a half of steam is 
used up for every ton of fuel—there is no real need to discharge any 
liquid refuse. 

(a) In the water seal there is a constant evaporation going on,' and 
any overflow is the result of carelessness. The ashes which accumu¬ 
late and have to be removed from time to time are saturated with 
water, and care must be taken to place them in such a position that 
the water may drain back into the seal. 

(i) In the mechanical washer there is also a continuous evapora¬ 
tion of the water, but the tarry sludge which collects has to be 
removed from time to time, and here also care must be taken to 
prevent the escape of liquid draining from it. The sludge consists of 
particles of fuel mixed with tarry matter, and can be burnt in 
boiler furnaces. 
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(c) and (d) The water in the gas-cooling and air-heating towers 
should be kept constantly circulating, that which is heated in the 
former being used to warm the air in the latter; none of it should be 
allowed to escape, but, on the contrary, as has been shown, much is 
absorbed by the air in the air-heating tower. When insufficient pro¬ 
vision is made for cooling the gas, difficulties may arise in its use, and 
the water from the air-heating tower may be too hot to rtiduce the 
temperature sufficiently. To avoid this the water, after leaving the 
air-heating tower, may either be passed over a water cooler, or returned 
to a reservoir, from which it is pumped back to the gas-c(K)ling tower, 
and in cither case much water is lost by evaporation. Another way 
of surmounting this difficulty is to provide another gas-cooling tower 
with a constantly circulating supply of cold water. Whichever 
method is adopted, the water should be kept in a closed circuit and 
none allowed to escaj)c. 

((') In most cases the principal source of refuse is the condensa¬ 
tion of the vapour from the still in which the sulphate of ammonia 
liquor is evaporated. When this is a vacuum still a jet condenser is 
generally used to condense the vajwur, and the condensing water, of 
which 35 lbs. are re(piired for every 1 lb. of vapour, becomes impreg¬ 
nated with tarry matters and sulphur and cyanogen compounds 
evaporated from the liquor (see Table XIII.). There seems no reason 
why a closed or surface condenser should not be used, and in that 
case only the condensed vapour would require to be dealt with. It 
would be siufill in amount and could be used in the water seal or 
mechanical washer. If the jet condenser is preferred, then the con¬ 
densing water can be passed over a cooler and re-used, the amount of 
condensed vapour being more than balanced by the eviiporation 
taking place on the surface of the cooler. By constant re-use this 
condensing water may become so impregnated with phenols as to 
make their recovery profitable. At some works the sulphate of 
ammonia liquor is evaporated in an open vessel, so that the vapour 
escapes through the chimney flue, and in such cases no liquid refuse 
is produced from this part of the process. 

» The discharge of liquid refuse from this part of the process could 
also bo wholly avoided by the adoption of a direct process for the 
recovery of ammonia, such as has been brought into use in connection * 
with coke ovens, as described on pp. 39 and 43. This would be 
advantageous not only in avoiding the discharge of waste water, but 
also in greatly simplifying and cheapening the apparatus required. 
The load-lined acid tower, which is costly both to construct and to 
keep in repair, would be unnecessary, as also would be the evapor¬ 
ating plant and the large volume of water required in connection 
with it. The gas could be passed through tar extractors, such as 
the Otto-Hilgenstock tar spray or the Simou-Carves centrifugal 
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apparatus, atid then directly through strong sulphuric acid in a 
saturator, in which the solid sulphate of ammonia would be deposited. 
"• (/) The giis as it leaves the producer plant still contains a 

considerable proportion of water vapour, and where the dis¬ 
tributing mains are long and exj)osed, tins is condensed to a very 
{)olluting gas liquor, containing sulphur compounds and tarry matters 
and some ammonia (see Tables .XI. and .Xlll.). This liqhor is not 
great in amount, and can be used either to feed the water seal or 
mechanical washer, or mixed with the condensing water, especially it 
this is to be treated fur the recovery of phenols. 

(y) The water from scrubbers (see I’able Xlll.) can be used in 
the mechanical washer or water seal. 


Taiu.k XIV. 
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Considerable quantities of tar are distilled along with the gas, and if 
care is not taken this is liable to escape along with the water used in 
the various processes. The tar collects in the water of the mechanical 
washer, in that from the gas-cooling and acid towers, and in the condonsings 
froiii the gas-mains, but if these liquids are allowed to stand the tar 
separates and may either be skimmed off or retained by the provision 
of suitable tar-traps. The recovered tar may either be sold to the tar 
distiller or burnt under the boilers of the works, but in the latter case 
special appliances will have to be adopted for burning it. 

In conclusion, therefore, it may be urged that there is no need to 
discharge any refuse from a plant of this kind. 

Suction-gas Plant.—In the second division of gas producers, in which 
non-bituminous fuel is used, the apparatus is greatly simplified. The 
principle adopted in the producer is almost invariably the same, air and 
water vapour being drawn through the incaudescetit fuel and the gas thus 
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produced being cleansed by passing upwards through scrubbers filled with 
coke, kept constantly moistened by a water spray. There are usually two 
ways in which polluting discharges may arise: the overflow from a'water 
seal on the gas-main between the producer and the scrubber, and the 
escape of the water which has passed through the scrubber. The waste 
water coming from such a plant is fortunately not largo. Its character 
varies gr«vtly, according to tlie nature of the fuel used (see Table XIV.). 
When coke is used the li<]uid produced is only slightly polluting in char¬ 
acter, and, if settled sufficiently to remove small particles of coke, can 
usually bo discharged to a stream without detriment. If anthracite is the 
fuel used, the resulting waste water is more polluting, containing appreci¬ 
able amounts of tarry matters and cyanogen compounds. It is not fit to be 
discharged to a stream, but could be mixed with domestic sewage for 
treatment without causing any difficulty. Where, therefore, no sewer is 
available, coke sboiild always be used as a fuel in preference to anthracite. 
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Thk waste waters from .all these processes are somewhat similar in com¬ 
position, in that they contain in solution and suspension large ijuantities of 
organic matters belonging to the classes of carbohydrates and proteids. 
All of them are liable to undergo acid fermentation, and in doing so to 
give off very offensive smells. They are very liable, moreover, to induce 
a profuse growth of fungus in any stream into which they may be dis¬ 
charged. Similar means of jmrification can be used for each of them, and 
where several of these processes are carried on at the same premises, as 
is often the case, the different kinds of refuse can be mixed and treated 
together. As, however, there are works where only one of the processes 
is in operation, it will be bettor to deal with the character and treatment 
of each kind of refuse separately. 

drain Washing.—drain is washed for two purposes: in the first place, 
to cleanse it from sand, clay, light and imperfect grains, chaff, and dust, 
impurities with which much foreign grain, especially that from the East, 
is found to be contaminated; and, in the second place, much foreign wheat 
is too dry to be properly milled into flour, and the washing process serves 
also to “ condition ” it, that is, to bring the moisture up to the amount 
necessary for proper milling (8 to 10 per cent.). 

Many of the impurities can be removed from the grain before washing 
by passing it through suitable screening and winnowing apparatus, and the 
polluting character of the discharge from the following washing can thus 
be greatly lessened. 

The apparatus used in grain washing is very simple in principle, and 
usually consists of a tank in which the grain is agitated in a current of 
water and from which it is passed by means of a worm conveyor or similar 
contrivance. Clean water is allowed to enter in such a way that the 
grain leaving the tank mSets the stream of clean water, while the dirty 
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water carrying the lighter impurities overflows at the further end. The 
heavier impurities settle to the bottom of the tank, and must be removed 
fronl time to time. In the case of Indian wheat these heavier impurities 
consist in great part of small pebbles, which have a market value for sale 
to keepers of poultry. The grain leaving the tank carries with it a good 
deal of dirty water, which is removed by means of a centrifugal machine, 
and discharged along with the water which escapes by the tank‘overflow. 

A patent washer of this type, constructed by Messrs Henry Simon, Ltd., 
Manchester, is shown in Fig. 6. The machine consists essentially of a 



Fni. 6.—Grain-washing Machine. (Messrs Henry Simon, Ltd., Manchester.) 


water tank, divided into several compartments, and two inclined conveying 
worms, the casing of both worms being made of perforated brass. For 
the thorough washing of hard wheats the dry grain is fed into the 
bottom of the longer worm, which is immersed in the water. This worm 
carries the wheat up into a small hopper, from which it is fed on to 
a stream of water flowing over a finely perforated sheet of brass. By 
the action of a large plunger at the side, pulsations of the water 
are produced, and thus the wheat is thoroughly agitated in the 
water while it is flowing over the perforated sheet. At the end of the 
brass sheet there is a gap filled up with coarse pebbles followed by a 
low weir. The stones and clay balls, from their weight, find their 
way down through the pebbles into a box in* the bottom of the tank. 
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whereas the wheat itself is carried by the water over the weir, and so 
down into the foot of the second worm, from the upper end of whiehcit is 
delivered into the whizzer to be dried. Over this worm a row of water 
sprays is fixed so as to rinse the wheat finally with clean water. Softer 
wheats, not requiring so thorough a soaking, are fed into the hopper 
already mqptioned so as to miss the first soaking. The clean water is 
sprayed upon the wheat leaving the washer and passes through the 
perforated casing of the worm into the tank beneath. From this it is 
pumped to meet the wheat as it falls from the hopper, and then passes 
along with the wheat to the second worm. A constant circulation of the 
water is thus kept up. An overflow is provided for any excess water, but 
most of that which escapes from the washer is carried into the whizzer 
along with the wheat. 

In another kind of w.ashor the grain is fed into a hopper, where it is 
agitated by a stream of clean water which enters at the bottom and over¬ 
flows at the top, carrying the grain with it. Both grain and water are 
then run into a centrifugal drier, from whicli the dirty water continuously 
escapes. 

Tlie quantity of water used naturally varies with the amount and 
character of the impurities present in the grain, and these depend 
largely on the kind of grain. Knglish wheat is generally so clean that 
some millers do not think it requires washing. Indian wheat, on the 
other hand, often contains as much as 4 per cent, of dirt which can 
be removed by screening, and probably an equal amount which is removed 
in the washing. These varieties of wheat are at the extremes of the 
scale as regards dirt, whilst other varieties, such as Canadian and 
Russian, are intermediate. In one mill, where practically all kinds of 
wheat ari! washed, and where half the water leaving the washer is 
constantly pumped back for ro-uso, the average consumption of water 
amounts to 24 gallons for each quarter of grain washed. In another mill, 
where the wheat washed is almost entirely foreign, it is estimated that 
30 gallons of water arc used for each quarter of grain, although here also 
there is a continuous circulation and re-use of water. At a third mill, 
where the supply of water is practically unlimited and none is re-used, 
nearly 100 gallons per quarter are used. 

The waste water from the washer is brown and muddy, containing 
considerable amounts of clay and sand in suspension, and carrying with 
it chaff and light and badly formed grains. It contains in solution, as 
analysis shows (see Table XV.), considerable amounts of nitrogenous organic 
matter, and it is nearly always slightly acid in reaction, the acidity being 
due to acid fermentation of the organic matters extracted from the grain. 

The treatment of this waste water is not a difficult matter. It should 
first be thoroughly sieved or screened, ancf there are several forms of 
screening plant now on th^ market. They differ mainly in the arrange¬ 
ment of the^siove and in the devices adopted for keeping it clean. In the 
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plant (Fig. 7) of Meaara. Higginbottom & Co., Ltd., Liverpool, the sieve is 
in the form of an inclined cylinder, into the upper end of which the dirty 
water is fed. The cylinder revolves and thus throws the screenings to 
the lower end, whilst the water escapes through the meshes. The soreen- 
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ings are then passed between rollers to remove the excess of moisture. 
In this apparatus the screen is cleaned by means of jets of water. Fig. 8 
illustrates the form of apparatus made by Messrs Henry Simon, Ltd., 
Manchester. In this plant the sieve, which usually has 70 meshes and 70 
perforations per lineal inch, is fixed in an inclined position and kept clean 
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by means of travelling brushes. A plant which has proved very effective for 
the removal of fibres from dyewaters might also be adapted to the treat¬ 
ment of this kind of waste water. It is made by the Longwood Engineering 
Co., Ltd., Longwood, near Huddersfield, and is illustrated in Fig. 41. 



The “beeswing" or screenings recovered in a flour mill by the use of 
such a plant vary in amount from one-fifth to one-third per cent, of the 
wheat washed. They are either mixed with the general offal from the 
mill or sold separately as poultry food, and yield^ a considerable return. 
In one mill, where 260 quarters of wheat are washed daily, and where the 
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total coat of the screening plant amounted to £250, the value of the 
screenings amounts to more than £100 per annum. 

The water escaping from such a screening apparatus is still a poTluting 
liquid (see analyses in Table XV.). It should bo passed through settling 
tanks to deposit the fine clay and sand, and the addition of a little lime 
assists in bringing down the fine particles in suspension and causes also 
precipitation of some of the organic matters in solution. The efiluent after 
this treatment, if turned into a large body of running water, will have 
little appreciable effect. If, however, a higher degree of purification is 
required, as for instance if the stream lower down is used as a source of 
water supply, it may bo obtained by effective filtration. 

Sometimes the effluent from the screening apparatus is passed direct 
through high-pressure filters (see p. 269), such as are manufactured by 
Messrs Hell Bros., Ravensthorpe, Yorks, Messrs Hawksley, Wild & Co. Ltd., 
Sheffield, or F. Candy, Westminster, London, and afterwards either re-used 
for grain washing, or used for feeding boilers. 

■ Malting.—The whole of the grain used in brewing and much of that 
used in distilling is malted before use, and from this process there is a 
considerable discharge of polluted water. The operation is described by 
the Royal Commission on Sewage Disposal, 1898 (Sixth Iteport, p. 4), as 
follows:— 

“ 111 this operation the barley is steeped in water in order to clean and soften 
it, 80 that when removed to the malting floor it may germinate. Two methods of 
stejiiag are in Ufte. In one, the Ijarley is allowed to soak in tanks in two or three 
successive lots of water for a total period of about sixty hours; in the other, 
water is allowed to flow into jnd out of the tank containing the barley, for the 
same length of time. The waste steep water which is produced by the former 
method is hig’.ily cliarged with organic matter—the first jibrtion of it especially 
being a very foul-smelling and jwlluting liquid. In continuous steeping the 
waste steep liquor is organically weaker, but there is necessarily a much larger 
volume of it. By the first method about 8 to 10 gallons of waste steep water are 
produced for each bushel of barley soaked. No records are available as to the 
quantity of waste sleep water produced by continuqys steeping, but probably 30 
to 40 gallons per bushel of barley would be approxunately correct. It is a grey 
or brown foul-smelling liquid, and it contains tlie dirt, dust, and grit which were 
mixed with the barley, together with certain soluble mineral salt* and organic 
bodies, and colouring matter from the barley husks. The following are typical 
analyses of steep waters produced by the two methods 


Table XVI. 



Continuons Process. 

Quiescent Soaking. 

Ammouiacal nitrogen . 

Parts per 100,000. 
0*13 

Parts per 100,000. 
0-68 

Albuminoid nitrogen .... 

0-46 

2‘24 

Oxygon absorbed in four liours from 
N 

- permanganate at 27 C. 

30-00 

86-00 

Dissolved oxygen taken up from water 
for complete oxidation . 

(say) 260* 

(say) 700-800* 


^ “These are estimates based on the analysis of a limed steep water.’* 
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Analyses ol the discharges from a maltkiln where the barley received 
three steopings, in each of which 36 gallons of water per quarter of 
barley were used, are given in Table XVII., in whicli are also given two 
analyses of the first steeping water from another maltkiln. 

This kind of refuse, like that from grain washing, can be purified 
without any great difficulty. Probably the best method is irrigation on a 
suitable area of grass land, but other methods are available. If sus¬ 
pended solids are screened out, and the liquid is passed in a frosli state on 
to a percolating filter such as will be described in connection with the 
treatment of brewing refuse (see pp. 64 and 269), it can be purified to any 
required degree. The screened liquid, indeed, can be passed into running 


Table XVII. 

liARbUY-STEElTNG WATER.S. 
{lieuHlls txitrfsmJ in parts }rrr 100,000). 


Stcf'p No. 

1. 

2. 

3. 

1. 

1. 

Total solids (dried at 100“ (i.) . 

305-60 

143 76 

112 91 

474-36 

396-90 

Solids in suspension. 'I'otal 

! 5-20 

1'3G 

0-11 

2 96 

7-.60 

„ n ». Asli 

1 0-40 

0'16 

0-08 

0-64 

170 

Solids in sulntion. Total .... 

! 300-4 

142'4 

112 8 

471-4 

.389-1 

,, ,, ,, Ash . 

171-0 

77-0 

62-0 

233-4 

186-0 

Chlorides (in term of NaCl) 

4.5-0 

17-0 

16-.6 

81-0 

,66-0 

Nitrogen, aininouiacal .... 

0-48 

0 1.3 

0-02 

0-99 

1-20 

,, albuminoid (Wanklyn) 

2-47 

1-22 

076 

4-80 

5-07 

,, organic (Kjcldahl) 

Oxygen absorbed from ^ pernianganato in 

4-41 

2’07 

1-47 

11-06 

9-40 

feiir bonis at 267° b. . . . . 

44-00 

2f.-40 

21'44 

,39-92 

62-32 

Acidity (in terms of lactic acid). 

. 32 4 

28'8 

27-0 

104-1 

1-26-0 

Hardiie.ss (in tffrnis of CaGO.j). Total 

1 74-2 

.61 -.6 

.61 -6 

82-9 

103-0 

,, ,, ,, Pernit. 

' 44-3 

37-1 

37-1 

78-1 

81-1 

„ » M Tem])y. 

29-9 

1 

14-4 

11-4 

1-8 

21-6 


streams, when these are of considerable volume, without producing any 
perceptible deterioration in them, but if discharged into sluggish 
streams or stagnant shallow ponds it is liable to undergo very offensive 
putjofaction. 

By means of biological filtration of the fresh refuse through a single 
percolating filter it has been found possible in laboratory erjieriments to 
effect a 90 per cent, purification, judging on the o.xygen-absorbed figure, 
and to produce a well-nitrified non-putresoible effluent. The Royal Com¬ 
mission, 1898 (Sixth Report, Appendix II. p. 31), obtained similar 
results. 'I'hey used a filter 12'25 feet in diameter and ]0'6 feet deep, 
containing 45 cubic yards of coarse clinker. The filter was fitted with a 
small revolving distributor fed automatically from a i)-gallon tipper. 
The steep water was treated with a small quantity of lime, settled, and 
applied to the filter at the rate of 25 gallons per cubic yard per 
day continuously throughout the whole of the twenty-four houre. The 




GRAIN WASHING, MALTING, BREWING, AND DISTILLING. 59 

efSuent obtained was uniformly good, and it was found that it produced 
no bad effects when discharged into a channel carrying an equal amount 
of clean water. It will he noted that in this case the steep water was 
limed, but in laboratory experiments the liming was found inadvisable, as 
it caused the liquid to putrefy rapidly and become very offensive. 

Brewing.—Brewery refuse cau.soa very marked pollution when discharged 
into a stream. It contains many suspended solids, such as spent hops and 
grains, much dissolved organic matter from the materials used in brewing, 
and in addition cai-ries with it many living ferments and moulds, so that 
immediately it is discharged it begins to decompose, and in this decom¬ 
position it gives off a peculiar and most offensive smell. 

A brief description of the process of brewing will best show the sources 
of the polluting discharges. The brewer who buys his malt first puts it 
through a process of dressing to get rid of dust and germs. There should 
bo no liquid refuse from this process, but in some bi’eweries it is said to be 
the practice to transform the dust into mud by spraying it with water and 
to wash it down the drains. The waste water thus produced must be 
highly charged with organic matter in suspension, and in many cases will 
also contain considerable (juantities of arsenic, which is nearly always 
present in the dust of malt. 

The dressed malt is pjissed into liirge “mash tuns,” where hot water is 
sprinkled upon it in order to extriuit all the soluble matter, the watery 
extract, known as “ wort,” being drained from the mash tuns into a large 
stor.ago vessel, the “ uuderback ” or “ wort receiver,” or directly into 
a copper. 

When the mashing is completed the wort is ruu*into a copper, where it 
is boiled and where hops arc added, and when the boiling and infusion of 
hops is completed, the wort is run into a “ hophack,” where tho liquid is 
drained oil' from tho hops and from which it is passed through a cooler and 
refrigerator into the fermenting vessels. In the cooler, which is a shallow 
vessel for exposing a large surface of the wort, many albuminoid sub¬ 
stances settle as the temperature of the liquid is reduced. 

In the fermenting vessels yeast is added and the fermentation is 
allowed to go on until the hoer is ready to put into casks, which are 
usually filled directly from the fermenting vessels, but sometimes from a 
special “ working or settling back ” into which the contents of the fer¬ 
menting vessels are first poured. 

The grains or spent malt from the mash tuns are removed to some 
place of storage from which they can he distributed as required, being 
generally sold for feeding cows and pigs; .and as they are quite saturated 
with water when first removed from tho mash tuns, a considerable quantity 
of water drains away from them, and this contains sufficient organic 
matter to give rise to decomposition. A similar liquid drains from the 
spent hops when they are removed from the copper or hophack. 

F(pm the fermenting vessels, while the fermentation is going on, large 
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quantities of yeast froth up and are allowed to overflow. This yeast is 
sometimes stored for sale or for re-use, or is sometimes passed through 
Alter presses, which express the liquid and leave the yeast in the form of a 
cake. It may be noted that where 100 lbs. of yeast are added to a fer¬ 
menting vessel, 600 lbs. are often obtained as the result of fermentation. 
Sometimes the yeast is washed down the brewery drains, and when it is 
pressed the watery liquid draining from the presses is allowed to escape by 
the same channels. These yeasty liquids are particularly liable to undergo 
rapid decomposition, accompanied by the formation of acetic, lactic, and 
butyric acids. 

In the cellars where the casks are Ailed they are allowed to remain 
until some further fermentation has taken place in the beer, and froth and 
beer are spilled on the cellar floor and allowed to escape into the drains. 
In the cellars also “ finings ” of gelatine are added to the casks of beer, and 
the washings of the casks of flnings are poured into the drains. 

The direct discharges of waste waters from the brewing processes are 
therefore the drainage from the grains and hops, the yeast or the liquid 
presseil from it, and the beer spilled from the casks. These, although 
highly impregnated with organic matter, and in the latter two cases 
crowded with germs of fermentation, are only small in amount compared 
with the total quantity of waste water discharged from a brewery. 

Successful brewing, being dependent upon a well-regulated process of 
fermentation, can only bo carried on under conditions of the utmost clean¬ 
liness. Dirty vessels or dirty premises, by favouring the growth of 
putrefactive and other undesirable bacteria, art certain to interfere with 
the production of good beer. The whole of a brewer’s apparatus and 
premises must therefore be frequently and thoroughly cleansed, and the 
bulk of the waste waters discharged from the brewery are those which 
have been used for washing purposes. The mash tun, the underback or 
wort receiver, the copper, f.he hophack, the cooler and refrigerator, the 
fermenting vessels, the yeast backs, the casks, the floore and walls of the 
various rooms, are all frequently swilled with cold or hot water, which 
carries away with it some part of the organic matters which have been 
contained in the various vessels. In cleansing the copper and the wort 
mains—copper pipes for conveying the wort to and from the copper—soda 
or potash is used, and in cleansing the casks, soda, permanganate of potash, 
quicklime, or calcium bisulphite is frequently used. 

Perhaps the greatest source of pollution is the cask washing. The 
casks as they return to the brewery often contain quantities of sour beer 
and hops, a handful of the latter being usually added to each cask of beer 
before it is bunged up, and these are washed out when the cask is 
cleansed. At breweries where beer is bottled there is a similar, but 
smaller, discharge from the washing of the bottles. 

In addition to all these polluting liquids there is ako at every brewery 
a large discharge of quite pure water which has been used i|) the 
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refrigerators and tor “ attemperating.” The refrigerator is an arrange¬ 
ment of metal pipes exposing a large surface, on the outside of which 
the wort in its passage from the cooler to the fermenting vessels is*exposed 
in thin layers, while through the inside a stream of clean cold water is 
constantly running. Brewing can only be carried on properly at a 
moderate and equable temperature, and in each fermenting vessel there 
is UBuafly a coil of pipes through which a stream of cold “ attemperating ” 
water is kept running for the purpose of keeping the temperature of the 
vessel contents witliin bounds. These refrigerating and attemperating 
waters are thus free from polhition, and there is no need to discharge 
them along with the tr.ade refuse. In many cases they are conveyed to 
a tank from which they arc pumped for re-use, and where this is not done 
they should be discharged by a separate outlet to the nearest stream. 

It has been found a matter of great difficulty to obtain anything like 
reliable figures of the quantity of water used by brewers. One authority 
states that for every barrel of beer brewed (excluding the water used for 
cooling and attemperating), about eight barrels of water arc required, that 
is, that for every barrel of beer there are seven barrels of dirty water. In 
several breweries where the water supply is passed through a meter the 
quantity of refuse has been found to be between 500 and 600 gallons per 
100 gixllons of beer brewed. In one case, however, the brewer states that 
ho uses only 100 gallons of water for cask washing and 25 gallons for 
washing down the brewing plant for every 100 gallons of beer brewed. 

Table XVIIl. gives the analyses of most of these kinds of waste waters 
and of .vverago samples of the mixed refuse. It will be seen that many 
of the samples were acid in reaction. The amountr of acid present must 
not be taken as being there when the samples were fresh, for the acid 
fermentation was, no doubt, proceeding during the interval between the 
taking of the samples and their analysis. 

The treatment of brewery refuse is not jflways a problem easy of 
solution. In the case of a small brewery in the country very effec¬ 
tive purification can be attained by irrigation of the refuse upon old 
pasture, and this is the method adopted by many brewers. By a little 
attention to the proper distribution of the liquids they may be dealt with 
very effectively and with advantage to the growth of grass. In cases 
whore sufficient areas of land are available all the refuse is absorbed, and 
in others where an effluent escapes over the surface or through the soil it 
is so purified as to produce no appreciable effect in a stream. In all cases 
before passing the refuse over the land it ought to be passed through 
screens and settling tanks to remove suspended solids. 

The treatment of brewery refuse by irrigation upon land on a large 
scale is not an easy matter. At Burton-on-Trent, where the daily flow of 
sewage amounts to 6,300,000 gallons, of which 66 per cent, is brewery 
refuse, although 613 acres of arable land are used for its treatment, the 
results ^are not always satisfactory, and there have sometimes been com- 
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plaints of offensive smells. Here the sewage is limed at the rate of 40 
grains per gallon, but it is neither screened nor settled before being 
applied to the land. • 

rre(juently, however, a brewer has not a sutlicient area of laud upon 
which to irrigate Ids refuse, and then resort must bo had to more artificial 
methods. The ordinary methods of chemical precipitation followed by 
straining •Hlters cannot be relied upon to produce a good result, and 
recourse must be had to biological treatment, but the biological purifica¬ 
tion of such a liipiid is hy no means so easy as that of domestic sewage. 
One factor to be reckoned with, is the presence of large quantities of spent 
hops, spent grains, yeast and corks, which, however, can easily be caught 
by the provision of arrangements for ctt'ective screening, and hy placing 
scumhoards to catch floating mailers on any settling tanks which may bo 
used. Anothiir factor raises greater ditliculties. Owing to acetic, butyric, 
and lactic acid fermcntatiim of the organic matters the refuse, is cither 
strongly aciil as it is discharged or almost immediately becomes so, and 
while in this acid condition is not amenable to the action of those other 
ferments and organisms which bring about the purification of ordinary 
sewage. This has been well iiointed out by W. Naylor, F.C.S., in his 
book on Trntks’ MkiUc (Chapter V.), and by other observers. 

Mr Naylor advocated the addition to the refuse of a quantity of 
domestic sewage or sewage sludge, the mixture being dealt with in a septic 
tank, and by this treatment, he stated, the ordinary changes which lake 
place in sewage are induced and prevent the acid fermentation. This is 
true to some extent, but tly,s inhibiting ett'cct of the sewage cannot be 
depended on for any length of time, and works consUmeted and used on 
this principle at Hook Norton Brewery, Banbury, and at Fountains Free 
Brewery, Blackburn, although for sonic time giving gocsl results, failed to 
do so continuously. It is also a serious drawback to this method that the 
septic tank eflluent has a most objectionable snifll. Another method of 
overcoming the acid fermentation is by treating the refuse with lime. This 
neutralises any acidity, but unless added in very large quantity does not 
kill the ferments, and the liquid when allowed to stand soou becomes acid 
again. Because of this rapid acid fermentation the treatment of brewery 
refuse in contact beds is not successful, as the length of time necessary 
for filling the bed and allowing it to remain full gives too much oppor¬ 
tunity for the action of the acid-forming bacteria; and at times the whole 
bed seems to become charged with the bacteria, a state of matters difficult 
to remedy except by removing the filtering material and constructing the 
bed afresh. 

When the refuse is kept from becoming acid, and has its suspended 
solids removed, it can be thoroughly purified by treatment on continuous 
filters,'although more repeated filtrations may be required to produce a 
satisfactory effluent than woidd be needed for ordinary sewage. 

Such an installation, ^rried out by Mr J. T. Chambers for Messrs Seth 



64 


TEADK WASTE WATERS. 


Senior & Sons at Highfield Brewery, Shepley, near Huddersfield, is shown 
in Fig. 9. At this brewery the refuse comes from all the processes incidental 
to the browing of beer and porter, except that there is no barley-steeping 
water, the malting being done elsewhere. It averages about 10,000 
gallons a day, or about thrice the volume of beer browed. It first passes 
through a small sump in the brewery yard, 6 feet square and feet 
deej), whore grosser solids arc retained. They are removed every few 
days, and amount to nearly a ton a week. 

From this the refuse is conveyed to three stone-built settling tanks, 
each of 12,000 gallons capacity, aud fitted with floating arms for decant¬ 
ing the liquid, and sludge valves for disch.irgiiig the solids which settle as 
sludge. A day’s discharge of refuse j)rautically fills one tiink, and to this 
is added about 140 lbs. of dry lime, or 100 grains a gallon, which is thrown 
by shovel over the surface of the tank contents. The liquid thus neutral¬ 
ised is allowed to stand overnight to allow of the settlement of the solids, 
and thus clarified is decanted by means of the floating arm. The method 
of adding the lime is an extravagant one, aud probably halt the amount 
would be sufficient if it wore added as milk of lime. 

The tank effluent is convoyed to a circular filter, to which it is apjfliod 
by means of an automatic revolving distributor of the usual type (Adams’). 
The filter is .20 feet in diameter or 7H square yards in area, and is CJ feet 
deep. It is composed chiefly of broken stone, the ])ieec8 varying in size 
from 3-inoh cubes at the bottom to ^-inch at the top, with a covering 
layer of coal about 1 foot in depth, and of ^-inch gauge. It is built upon 
a concrete floor and underdrained by numerous tile drains. The rate of 
feeding this filter isc-regulated by the outlet valve of the settling ttink. It 
would no doubt bo a better arrangement if the liipiid were applied in 
intermittent doses by means of a tipper. 

The effluent from the first filter passes through a catchpit 6 feet by 
6 feet and 2| feet deepj and is conveyed to a second filter ICO sijuare 
yards in area and 6 feet deep. This is filled with coke in sizes varying 
from 3-iuch to J-inch cubes, covered by a layer of sods, broken into pieces 
of some 4 inches square, to foster nitrification. It is underdrained with 
ordinary field drain pipes. The liquid is applied to it by means of spray¬ 
ing jets, which are fixed 6 feet above the surface of the material. The 
effluent from this filter is discharged to the stream. 

The drain from the first filter to the second is about 300 yards long, 
and in this there is a considerable deposit of gelatinous fungus {Oospora 
lactis), which clogs the jets and thus interferes with the proper distri¬ 
bution of the liquid on the second filter. A catchpit should be provided 
on the drain, with a bottom valve by means of which this fungus could bo 
flushed out on to the surface of a field. 

The sludge from the settling tanks is discharged on to three kludge 
beds, each about 23 square yards in area, formed of 2 feet of stone and 
cinders, with underdrains discharging to the surfa?e of adjacent grass land. 
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where the liquid is absorbed. Each tank is sludged on an average once 
in three weeks, and then contains about 3 inches of liquid sludge 
(say 6 cubic yards). About five loads of air-dried sludge are proflnced 
per month. 

The total cost of those works, exclusive of the site, is estiiuated at 
£1050. The labour reipiircd, including the sludging, takes half a man’s 
time, and tests 10s. Gd. a week, and about a third of a ton of lime is used 
weekly. Allowing 10 per cent, on the outlay for interest and depreciation, 
these figures give ITG pence per 1000 gallons as the cost of treatment. 

Analyses of the refuse and efiluents are given in Table XIX. The 
effluent is dischai-ged into a very small stream, Shepley Dyke, the volume 
of which in dry weatlier is loss than the volume of tlie effluent. Formerly 
the bed of this stream was covered with fungus (cliiefly SphitrotUm natam 
with fdanients of ('remlhrir /lo/i/.yioiv), .and its water had a very offensive 
smell of brewery w.aste. Neither the smell nor the fungus has quite 
disappeared, but both are now little noticeable. 

It will be noticed in the analyses of the final effluents that practically 
no nitrates are present, and this may be taken a.s a sign that the purifica¬ 
tion has not proceeded so far as might be wished. In the course of some 
experiments {J<riirti. }iwj((l Inst., lt)04, vol. 25, part 3, p. 574) it was 
found that by finally passing a similar filter effluent through garden soil 
nitrates were produced, .and it was because of this that the final filter at 
Shepley was covered with sods. Dr Calmette (lleeherc/ies, vol. 3, p. 74, and 
vol. C, p. 20H) has concluded from his e.xperiincnts that in the purification 
of liquids such as these the ca rbohydrates present greatly retard, if they do 
not prevent, nitrification, but the c.vperimcnts on the purification of barley- 
steeping water and of brewery refuse, which have been mentioned above, 
show that it is certainly possible to bring about nitrification. 

Mewsrs Clark & Adams have gone c.'ircfully into this question, and have 
shown (,/ourn. Iml. Uni;. Ohi’in.., 1912, vol. 4, p. 272) that such substances 
as sugar, molasses, butyric acid, alcohol, and wool-sconring refuse, bodies 
rich in carbon, have a strong effect in chocking nitrification, and may even 
stop it when present in sufficient proportion. They find that even when 
nitrification is checked the purification effected as judged by the al¬ 
buminoid ammonia and oxygen-absoi'bcd figures is not materially lessened, 
but that when ammonium chloride is added to the liquid under treatment 
this check in nitrification does not take place. 

Brewery refuse, unfortunately, yields no bye-products worth recovery,- 
so there is little prospect of the brewer's recouping himself for the expense 
of treatment. Much yeast is certainly allowed to run to waste which 
might be kept back and re-used or sold, and there is a small demand for 
the crude refuse by manufacturers of fine wire, who use it for wire 
steeping, no doubt on account of its acidity; but the quantity which can 
thus be disposed of is very small. 

Distilling. —The Roy’al Commission on Sewage Disposal, 1898, haye 
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where the liquid is absorbed. Each tank is sludged on an average once 
in three weeks, and then contains about 3 inches of liquid sludge 
(say 6 cubic yards). About five loads of air-dried sludge are proflnced 
per month. 

The total cost of those works, exclusive of the site, is estiiuated at 
£1050. The labour reipiircd, including the sludging, takes half a man’s 
time, and tests 10s. Gd. a week, and about a third of a ton of lime is used 
weekly. Allowing 10 per cent, on the outlay for interest and depreciation, 
these figures give ITG pence per 1000 gallons as the cost of treatment. 

Analyses of the refuse and efiluents are given in Table XIX. The 
effluent is dischai-ged into a very small stream, Shepley Dyke, the volume 
of which in dry weatlier is loss than the volume of tlie effluent. Formerly 
the bed of this stream was covered with fungus (cliiefly SphitrotUm natam 
with fdanients of ('remlhrir /lo/i/.yioiv), .and its water had a very offensive 
smell of brewery w.aste. Neither the smell nor the fungus has quite 
disappeared, but both are now little noticeable. 

It will be noticed in the analyses of the final effluents that practically 
no nitrates are present, and this may be taken a.s a sign that the purifica¬ 
tion has not proceeded so far as might be wished. In the course of some 
experiments {J<riirti. }iwj((l Inst., lt)04, vol. 25, part 3, p. 574) it was 
found that by finally passing a similar filter effluent through garden soil 
nitrates were produced, .and it was because of this that the final filter at 
Shepley was covered with sods. Dr Calmette (lleeherc/ies, vol. 3, p. 74, and 
vol. C, p. 20H) has concluded from his e.xperiincnts that in the purification 
of liquids such as these the ca rbohydrates present greatly retard, if they do 
not prevent, nitrification, but the c.vperimcnts on the purification of barley- 
steeping water and of brewery refuse, which have been mentioned above, 
show that it is certainly possible to bring about nitrification. 

Mewsrs Clark & Adams have gone c.'ircfully into this question, and have 
shown (,/ourn. Iml. Uni;. Ohi’in.., 1912, vol. 4, p. 272) that such substances 
as sugar, molasses, butyric acid, alcohol, and wool-sconring refuse, bodies 
rich in carbon, have a strong effect in chocking nitrification, and may even 
stop it when present in sufficient proportion. They find that even when 
nitrification is checked the purification effected as judged by the al¬ 
buminoid ammonia and oxygen-absoi'bcd figures is not materially lessened, 
but that when ammonium chloride is added to the liquid under treatment 
this check in nitrification does not take place. 

Brewery refuse, unfortunately, yields no bye-products worth recovery,- 
so there is little prospect of the brewer's recouping himself for the expense 
of treatment. Much yeast is certainly allowed to run to waste which 
might be kept back and re-used or sold, and there is a small demand for 
the crude refuse by manufacturers of fine wire, who use it for wire 
steeping, no doubt on account of its acidity; but the quantity which can 
thus be disposed of is very small. 

Distilling. —The Roy’al Commission on Sewage Disposal, 1898, haye 
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the offensive smells produced are likely to cause luusauoe in the 
neighbourhood. 

The purilioation of distillery refuse in contact bods has frequently been 
attempted, and this method was recommended by I'rofessor Hendrick in 
the paper quoted above, but on the large scale the results have never 
been satisfactory. The reason for this has been explained in dealing with 
brewery refuse, and the Royal Commission comdude from thfeir experi¬ 
ments that even when pot ale is diluted to ten times its original volume 

Taiii.k XX. 
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and treated with lime, six contacts are not sufficient to produce a good 
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The Commission found that the pot ale diluted with water to twelve 
times its original volume, treated with lime, and settled, could bo purified 
upon a percolating filter at the rate of 20 gallons per cubic yard per day 
The filter they used was 24 feet in diameter, 12 feet deep, and was filled 
with coke ill pieces varying from 1 inch to 3 inches in diameter. It was 
fed intermittently by a revolving sprinkler. Tlie effluent from this filter 
was strained through a shallow filter composed of a 1-inch layer of sand 
lying on a 3-inch layer of gravel. The average composition of the liquor 
on to the filter and of the final effluent areVivon in Table XXI. 
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The experiments of the Commission appear to show conclusively that 
by repeated treatment on percolating filters any necessary degree of 
purity in the effluent can be obtained. It will be noted in the analyses 
that purification had procoed((d so far that nitrates were produced, cor¬ 
roborating the nisults obtained experimentally in the treatment of brewery 
refuse, alUiough, as mentioned above, I’rofessor Calmette has doubted 
the possibility of obtaining nitrification in liipiids containing so high a 
proportion of carbohydrates. 

The Commissioner.s state that the effluent was non-putrescible and 
absorbed oxygen only very slowly from water. Kxperiments were also 
carried out to test the effect of this effluent on a running stream, and it 
was concluded that the effluent would not injure any stream into which 
it might 1)0 discharged. It was indeed found that the effluent, even by 
itself, was luinnless to trout. 
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Stevenson Macadam, K.I.C., K.C.S., liowc'-..*, in a re.jiort on these 
expel imental works of the Royal Commission (Sixth Report, Appendix VI., 
p. 79), concludes that the effluents still contain objectionable polluting 
matter, foreign to the pure natural waters of the district. He points out 
that the experimental works were small in size and under highly skilled 
supervision, so that the results were better than would be obtained on a 
large working scale with ordinary attention. He suggests that the pot 
ale could be concentrated by evaporation and would then form a valuable 
cattle food, while the other waste waters could be re-used in the steam 
boilers and for other roHjiiiremeuls of the distillery. 

American experience supports this view, for in a report by Hermann 
Stabler in 190(1 to the United .States tleological Survey on the prevention 
of stream pollution by distillery refuse, a system of evaporation is fully 
described as in successful use at Lynchburg Distillery, Ohio, where malt, 
corn, and rye are distilled. Mr Stabler first discusses the nature of the 
waste wafers, their effect upon a stream, and their purification by filtration, 
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precipitation, fermentation, and evaporation. He comes to the conolnsion 
that it is best to evaporate the pot ale and spent lees and to make the 
recovered solids itito cattle food. The process adopted is to screen out 
all the grosser suspended matter and to dry it by tilter pressing. The 
licpiid is then evaporaUid in a triplo-elfect evaporator, and the concentrated 
syru]) mi.vcd with the cake from the press and dried in a hot-air drier, to 
be \iscd as a (silth' food. The distillate from the evaporator is used for 
mashing. It is shown that tlu! i)rocess, although costly to instill, is a very 
protitiible one, yielding, according to Mr Stabler, 7.1 per cent, per annum 
on the outlay. The .adoption of this process would leave, in the case of an 
oivliriary distillery, only the malting iind washing ;ind swilling waters to 
be dealt with, and this, as has been shown, is a comparatively easy jiroblem. 

Summary. - In conclusion it may be statiid that the liipiid refuse from 
all the pi'ocDsses of grain washing, malting, brewing, and distilling can be 
etlcctively purified b}' irrigation on a siitticient area of suitable grass land. 
For the first two kinds of refuse it may bo suggested as a minimum that 
an acre should he provided for every 10,000 gallons of daily flow, whilst 
for the other two kinds at least four times this area would bo necessary. 

Where such land is not available the screened grain-washing refuse 
and the steep waters from malting can be purified by treatment upon per¬ 
colating filters, followed by straining filters of sand and gravel. The rate 
of filtration through the percolating filtens should not exceed 40 to 50 
gallons per cubic yard of filtering material, and the filter effluent should 
not be applied to the straining filters at a rate greater than 250 gallons 
per square yard pei' day. • 

In the case of'ln-ewery and distillery refuse any required degree of 
purification can be attained by precipitation with lime, settlement in tanks, 
and treatment of the tank effluent by repeated applications to percolating 
filters, followed by sand strainers. The rate of this .application to the 
percolating 11110 ™ should not exceed 20 gallons per cube yard per day for 
each filtration, and the rate of application to the sand strainers should, as 
in the former case, never exceed 250 gallons per sipiare yard per day. The 
construction and cost of such purification W'orks are given in tlhapter XI. 

In the case of a distillery, the pot ale and s])ent lees can be profitably 
evaporated to dryness and used as cattle food, when the remaining waste 
waters can be dealt with like those from m.alting and grain washing. 
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CHAPTKll V. 

THE LEATHER TRADES. 

Hraiiclics i>f truili'—TainiiTij^—Saaks Limas—Tan pits— Mineral tannaf'es—T.eather 
dyeing “Ourryinj'—kVllnmiif^evin^—Tieker inakinj^—Knj< making;—Cliaractei of 
riTnae Ti'eatmenl —Bililiof'iupliy. 

Undeu tliis lillc limy lie firoiipod fivo iiidiistrii's, tliiisc of tiiiiiiers, curriers, 
I'elliiioiifrers, picker iiinkers, and skin rni; makers. In all five the liquid 
trade refuse consists in great part of animal matter in solution and sus¬ 
pension ill water, often in a state of commeiicing or advanced putrefaction, 
is of a grossly polluting character, and is apt to give rise to great nuisance 
when turned into a stream. 

Tanning.—The processes of tanning are rather eomjilex and vary 
greatly in difl'erent tanneries, but the older and more ordinary methods 
may be thus briefly described. The skins, |ii lts, kips, or hides, as they 
are variously named', are first steeped and washed in jiits of water—the 
“soaks.” In the case of fresh hides this is done to wash out all dirt and 
blood, and soaking is then rather a misleading name for tlie process. The 
sun-dried, or ars'enic or salt-cured hides from abroad, however, require to. 
be soaked for some time .until they become softened and freed from the 
curing material. The water in the soaks is frequently changed, usually 
several times in dealing with one lot of skins, or the soaks may be so 
arranged that a stream of water is constantly passing through them. 
Wlien discharged, the water carries with it dissolved and suspended 
animal mattens, dirt, and sand, which have been washed from the goods, 
and often salt or arsenic washed out from skins wliich have been cured 
with these materials. 

From the soaks the skins are removed to pits eontaiiiing milk of lime, 
and in these “ limes ” they are steeped for a considerable time in order to 
bring about a loosening of the hair. To accom])lish this effectually it 
seems necessary that while in the limes the skins should just begin to 
undergo putrefaction. The process is, in fact, partly a chemical one, the 
lime being an active agent, and partly bacterial, the putrefaction set up 
by the bacteria playing perhaps the greater part in loosening the hairs 
from their sheaths in the skins. It is thus not necessary or indeed possible 
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to use a fresh quantity of milk of lime for each lot of skins, for the lime 
pit must become ripened by the growth of bacteria before it will act 
properly. 

The limes .are therefore not often discharged, and some tanners say 
they never discharge them, but constantly refresh them and k(!ep them 
up in strength by the addition of fresli cpiantities of lime and water, 
removing at the s<ame time spent lim<! and otlu'r solids which settle at the 
bottom of the jats. In fact, however, the limes become clogged up with 
spent lime and dirt, or they become so highly charged, especially in hot 
weather, with putrefactive germs that tlicy act injuriously on the skins. 
Tliey are therefore from time to time discharged, althmigb it may be at 
long intervals. Even if it were not so the liijuids in them do escape, for 
they are soaked up by the skins and, when these are drawn out iqxm the 
floor of the tannery and Idaeed u|)on the “beams” in order to have the 
hair scraped oil', the lime water drains or is s(pieczed out of them, and is 
often washed down the drains when the floor is swilled. The liquid refuse 
from the limes is one of the worst kinds of trade refuse, being always far 
advanced in putrefaetion, very highly clnirged with lime, and also with 
organic matter in solution ; for although lime in small cpiantities precipi¬ 
tates such substances, it has a solvent elt'ect when present in excessive 
amounts. 

After the skins have been thoroughly scraped, first on the outside to 
remove all hair, and afterwards on the inside to remove loose pieces of 
connective tissue or “fleshings,” they are treated in “bates” or “puers.” 
These aie jiits of water containing, in the case of “ bates,” pigeon or hen 
dung, and, in the case of “ puers,” that of dogs. This mixture has the 
double eli’ect of killing or neutralising the lime, which would be detri¬ 
mental in the after process of tanning, and of altering the physica. 
condition of the skins, in order to produce light leathers with a soft grain. 
Here again, as in the limes, the action is a complex one, partly physical 
or chemical, due to the organic acids present, and partly bacterial, for 
these acids are gradually formed by the action of living organisms on 
the excreta in the liipiids. The contents of the bates or puers after a 
time become useless, partly no doubt because the liquid gets highly 
charged with lime from the skins, and partly because putrefactive germs 
develop in lai'gc! numbers. The li(piids are therefore discharged from 
time to time, and the pits made up afresh. This class of refuse, as may 
be imagined, is of a very objectionable charaeter. 

When removed from the bates or puei-s the skins are rinsed in water 
and are then ready for the actual process of tanning. In the ordinary 
process of tanning with extracts of various vegetable matters, of which 
oak bark may be taken as representative, the skins are placed for long 
periods in tan pits containing a watery extract of tanning material, being 
first steeped in a weak t^n li<iuor and afterwards in liquors of gradually 
increasing strength. As the tanning materials are of considerable value, 
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it is to the ndvaiitiige of tlie tanner to prevent their escape. The tan 
liquors arc e.xhausted as far as possible, and arc often retained and 
strengthened from time to time. In such cases the. tan pits are very 
seldom discharged and in some tanneries seem never to be let off, 
(lenerally, however, they are from time to time diseliarged, anil in all 
eases there is a constant escape of small ipiautities (>t tan liquor, which 
drains trom llie skins as they are removed from one pit to another. This 
it is whicli gives the refuse of a tannery its charactenstie lirown colour, 
turning black when mixed with any iron, as for instance when the refuse 
is discharged into a sti'cam the waters of which arc oehrey. 

Tile waste tanqiit li(|uors are not in tlicmselves very ohji'ctionable or 
liable to give rise to nuisance liy decomjiositiou, but they are veiy detri¬ 
mental to any stream into which they may be run oil', as the tannin has 
the property of greedily .absorbing ovygen, and this cheeks the natural 
process of imrilication which goes on in a running stream ; for this 
purification is largely dependent upon the amount of o.vygen jiresent in tlie 
waters of the stream, the oxygen being necessary both for the life of the 
organisms, to the activity of which the breaking down of the organic 
matters in the waters is due, and also for the oxidation of the decomposition 
products. 

In addition to the liquid refuse mentioned above there arc v.arious 
washing waters. For instance, the skins when taken out of the soaks are 
sometimes washed in pits of water or put into a revolving drum and 
washed with water to further cleanse .and soften them, and the same 
cleansing jirocess is at times adopted for Kie skins removed from the 
“limes" and “batt-.s.” From these processes considerable volumes of 
polluted water escape. Theti again the skins are sometimes, during the 
process of soaking, beaten in “stocks "to soften tbem, and from this a 
small quantity of dirty watei escape.s. Hut in addition to all these direct 
diBcharges there is a la>vge iptantity of liquid allowed to drain from the 
skins as they are removed from one pit to another and much dirty water 
which conies from the swilling of the floors. All these waste waters are 
polluting. 

Skins are also cored by dressing them with alum, oils, fats, and 
albuminous substances, but the liquids used in these cases are mostly 
valuable and are not allowed to escape, and are at any rate small in 
amount compared with those resulting from the common processes. In 
these cases too, however, dirty waters are discharged from various washing 
processes. 

In recent years a great deal of attention has been given to the scientific 
investigation of tlie processes described above. As a result it has been 
found advauUigeons in many cases to use chemical reagents in a pure 
form, and thus to avoid the troubles due to the complex and jiutrefactive 
substances with which, in the older processes, they wore associated. For 
instance, dried hides are now occasionally soaked in a weak solution of 
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caustic soda, or formic or butyric acid. A weak solution of sulphide of 
sodiutn is sometimes used to loosen the hairs in the hides, and the waste 
li(]uid escaping from this process, although smaller in aniomit, is even 
more polluting than that from the ordinary limes. For some kinds of 
leather a “bran drench” is useil instead of, or in addition to, the bates; 
this is a fermenting extract of bran in water w'hii'h becomes charged with 
lactic and acetic acids during fermentation ; or, instead of this, p>ire 
lactic or formic acid is sometimes usi'd. In the actual tanning process 
the t.amiin is sometimes replaced or assisted by the use of bichromate of 
pobisli or soda, and as tliese salts are valnabli’ the tanner bikes care to 
discharge as little as possible. 

In .several of the large tanneries producing fancy leathers the skins 
arc dyed after being tanned and the waste dyewaters are discharged along 
with the rest of the liijuid refuse. Tin' dyewaters, although carrying with 
them eonsiderahle ipiant-itics of suspended solids, are not nearly so 
])ollnting in character as the other kinds of refuse already nientiiaied. 

At most tanneries, however, the old method of tanning still obtains, 
and there are thus, generally, the following kinds of liipiid trade refuse;-- 
The waste waters from the soaks, the limes, the liates or [luers, .and the 
spent liipiors from the tan pits, as well as the waters dirtied in washing 
theskmsatthe various stages of the tanning processes. Kach of these 
is highly ohjectionahle, and all of them mixed together form a waste Ihpiid 
of a most polluting character (see Table XXII.). 

Thi' volume of refuse from a. tannery is always difiicult to estimate. 
One tanner who deals w'ith*a,n average of 1000 hides a week discharges 
!?0,000 gallons of trade ri'fusc daily. Another wdio ta'iis (iO hides per week 
uses about .‘100(1 gallons of water per day. 

.1. S.. S. Morrison (Jaurn. Am<r. Lnithcr ('him. diW., .Inly' 1911, 
p. ;id(i; estimates that a tannery having a capacity of 1500 market hides 
per week will probably run to waste ■-'•5,000 gallwns of old tan liipiors and 
10.000 gallons of old limes ; poors and wash waters will account tor 
75,('0() gallons, wdiilst soaks add 40,000 gallons, making a weekly total 
of some 150,000 gallons, or say 25,000 gallons daily. 

Cnrrjring.—This is a process by w hich tanned leather is prepared for 
various purposes. At many of the larger tanneries this process is also 
carried on, but there are numerous premises where nothing hut currying 
is done, the leather having been tanned elsewhere. The leather as 
received from the tanneries is steeped in water or a watery extract of 
some tanning material to soften it, and is then scoured with a similar 
liquid in order to prepare the surface for some of the further processes. 
From this steeiiing and scouring there .are discharges of the partially 
spent tanning extracts, and these are of a polluting character, but small in 
quantity and comparatively innocuous compared with the discharge from 
an ordinary tannery (sfe Table XXIII.). 

FeUpongering.—The fcllmonger deals with the skins of sheep and 
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lambs, and as a rule prepares the skins by removing the wool from them 
and soils thiiiii to a tanner to be further dealt with. The processes 
adopt!d are like t-ho.se in the first stage of taimiug. The skins arc washed 
in soaks to remove dirt and blood, stes'ped in milk of lime to loosen the 
wool, and sera])eil or .stri|i]ieil cle;ir of wool and fleshings. They .are then 
either steeped in lime water or pickled with snijihurie acid and salt and S(ait 
off to the (aimer. ,Sonie(imes the first washing of tlie skin.s is done in a 
“ burring " machine, in whic/i t/io skins are pa.s.scd throngii rollers (o cleanse 
them of dirl and vegetable seed.s, ahieh are washed away in a constant 
strea.ni of water. Sometimes (he loo.seiiing of the wool is brought about liy 
a putrefactive process without the aid of lime, the skins being hung np in 


Taiii.k ,\.\11I. 
CUKKIERS’ REKU.SIC. 

{Itr.sK/ts in parts pi.r IOO,000.) 



Solids III 
Snspciisioii! 
(dried Ht 
■I'olill IIHI 0 1. 

Solids 

1 Solids ill 
Solution 
(tilled sit 

Nitn 

IlICII. 

Oxygen uli- 
sorbed from 
-N 

permuii- 

{>0 

gaimtt- III 


IlardiieRR 

(ab 


Sainpli’ of 

1 

V ) 

' Am- I 

Organic 





Total Asli 

Total. 

' Asl). 

iiionia-1 
cal 1 

(Kjel- 

dahl). 

lour hours 
at 26 7 C. 

' Total 

Pcrint. Ten 

liirred-ui) aloeinnki 
liquor (sunnu') 

' 

Sir.'U ! 

tlCH (1 

.Ml2 0 

1 

i 

0;. 

1 

28-S 

3184 0 


1 


.oui RverH}:c scour 

, lUKl 0 1 4irj 0 i 14-0 

r>'.i2 <1 

1 2US 0 

ii-dl 

Jl-7 

753-0 

132-0 

02 0 

4< 

our ateriim' scour 

, 0 1 (ig-o 

5M 11 

158-U 

i-r.i 

44 0 

1215-0 

•i.5o-o 

120*0 

13' 

[our avemge scour . 

' J8I1S 0 , 8SU-0 I 

97B 0 

2IS-0 

0 i)!> 

17*2 

774 0 

1115 U 

132*0 

6 

uour liquor 

1 ! 2!>6-u 1 ft*ll 

156-0 

r.0-0 

o-(m; 

0-01 1 

1 

301-0 

50-0 

28-0 

f 

2 


a warm damp atmosphere niitil putrefaction has so far advanecd as to 
loosen the wool sniiiciently for it to he ]mlled off by hand. In other 
cases the skins are covered on the inside with a lime paste and stacked 
wool to wool, instead of being placed in a lime pit containing milk of lime. 

The ordinary discharges from a folhnonger's yard are thus, first, the 
waiter which has been used for soaking or washing the skins, and this 
is often large in amount, because a constant stream of waiter is passed 
through the soak in many cases; secondly, the spent liipiids discharged at 
intervals from the lime pits; and, thirdly, the washing waters through 
which the skins have passed after being removed from the lime pits and 
after being stripped of wool. 

The mi.vwl refuse from a fellmongery is very similar to that from the 
limes in a tannery, although perhaps not so concentrated. It is highly 
charged with lime and organic matter both in solution and suspension 
(see Table XXIV.). 



Table XXIV. 
fellmox(;ers' refuse. 
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Fellmdiis'ers, in coinpiirinon with tasmoi's, do not require to use a great 
quantity of water. At one |)lace wlicre ninety skins a day are dealt with, 
the water iiscsl anioiints to IHOO gallons daily. In another case, whore 
the water is snpiilied hy meter, .KIOO gallons are used for every hundred 
skins. Whei'e a linvring maehinc is used thn volume of refuse m<ay be 
inueh greater, as from that .alone l.AOO gallons may be discharged for 
every hun<lred skins. ‘ 

Kcker Making .—\ iheker maker eui'cs skins for a s])ecial purpose. 
The ])ieker is that portion of a loom wliiidi drives the shuttle from side to 
side, and as it must come constantly and forcibly into contact with the 
pointed end of the shuttle, it must be made of elastic yet durable material. 
The material used is tlie very thick hide of the East Inilian buffalo cured 
in a partiiailar way. The hides ai'e generally received in a sun-dried state 
and an' soaked first in water pits to soften them, then in lime pits, 
unhaired, and liiially cleansed free of lime in wash jiits. 

Here again the mixed liiiuid refuse (sec T.-dile .V.KV.) is liighly charged 
with animal matter and with lime, and is similar in character .and amount 
to that of the fellmonger. At many picker works, however, the hides are 
received ready cured, and the only wet process they go through is steeping 
in water to soften them and to make them easy to mauiliulate and to cut 
up. In such eases there is frequently a stream of water running constantly 
through the steeping tanks, anil the discharge of this water into a stream 
causes very little pollution. 

Eug Making.—There is another group of manufacturers who cure 
skins to he made into rugs. The skins are cu'-ed by a dry process, but are 
generally washed wkh soap and water and freipiently are dyed. To finish 
their pre|)aiation they are placed in running water, the action of which is 
said to helji greatly in priHlucing a. gooil iqipearance in the rugs. The 
waters used for cleansing the skins and the waste dyewaters form a 
polluting discharge, whijdi is usually, however, only small in amount. 

Character of Eefuse and Treatment. —The waste waters from the 
various bi’anehes of the leather trade are mostly of a very polluting 
character. They are highly chargeil with suspended matters and dis¬ 
solved solids, both organic and inorganic. They nearly always swarm 
with jmtrefaelive organisms, and were it not for the quantity of lime 
Iiresent would be unbearably offensive. The process of putrefaction is 
checked by the jn-eseuce of the lime, but when the refuse is diluted by 
being discharged into a stream the etfeet of the lime is w'eakened and 
putrofaetiou sets in rapidly. 

Analyses of the various kinds of refuse are given in Tables XXll. to 
XXV. li’or comparison analyses are also given in Table XXV. of two 
typical domestic sewages, and it will be noted that in every case the mixed 
trade refuse is a much more polluting liquid than an ordinary domestic 
sewage. 

The complete purification of liquids so complek and so highly charged 
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with organic matters is not an easy mattor. It is fortunate that in most 
cases'Sanitary Authorities arc willing to receive the refuse into the public 
sewers for treatment along with the domestic sewage, and this is generally 
the best course to be adopted. 

Where a manufacturer in the leather trade is obliged to deal with his 
own trade refuse he must nearly always treat it first for the settlement of 
the suspended solids, and for this purpose it should he p.issed through 
effective settling tanks (see Chapter XI.). In the case of tanyard refuse 
the limn liquors and the tan liquors precipitate one another to some 
e,\tent, but it will be found advantageous to use additional preeipitants, 
such as lime and copperas used togetliei', or alumino-ferrie. In using such 
preeipitants am must be taken to have .sufficient Jinic present, or the iron 
may combine with the tannin to form an inky solution. 

The tank effluent after precipitation is still a very iuipiii'e li(pnd, more 
polluting than any ordinary domestic sewage, but is in such a condition 
that it can readily he further purified. Where a sufficient area of suitable 
land is available this purification c.an be best efl'ected by careful iirigation, 
and at many of the smaller tanneries this method is adopted with success. 
The area required for irrigation is considerable even where the soil is 
Buitiible, and probably at least an acre should be allowed for every 5000 
gallons of the daily flow. Where suitable laud is not available the tank 
effluent can be purified to any desired extent by one or more apidications 
to ))ercolating filters (see Chapter XI.), followed by straining through a 
sand filter to remove the humus or residual suspended mattei'. This is 
evident from the ^results obtaimd by the Massiudmsetts State Hoard of 
Health (Forty-first Annual lloport, 1909, p. 349). The ])ercolating 
filter used by them was composed of broken stone to a diqith of 6 feet, 
and was supplied with the liquid at rates varying from 100 to 300 gallons 
per squai-e yard per day; but these rates a])pear to be rather excessive in 
dealing with such a liqliid. For ordinary tanyard refuse, precipitated and 
settled, probably 50 gallons per square yard per day on a 6-f(K)t filter 
would be as high a permanent rate as would be advisable (cp. Royal 
Commission on Sewage Disposal, 1898, Fifth Report, pp. 117-118). In 
these Massachusetts experimeuis, further details of which are given in the 
Forty-second Annual Report, 1910, p. 26G, the filter effluent was strained 
through a sand filter at rates varying from 15 to 30 gallons per B<iuaro 
yard per day, and “ the effluent from this filter was well nitrified, stable, 
and practically odourless.” If, as suggested above, the refuse were passed 
through the percolating filter at a lower rate, and especially if a hum\is 
tank were interposed, then no doubt a much larger volume per square 
yard could bo passed through the sand strainers, say 260 gallons, an 
amount which woidd be allowed by the Local Government Board in the 
case of domestic sewage. 

Professor Dunbar of Hamburg has demonstrated by experiment that 
refuse of this kind can be rendered uon-putrescible by troatmept in double 
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contact beds; but it is evident from the nature of the liquids, and 
especially from their greedy absorption of oxygon, that the contfust beds 
arc not so suitable iis percolating filters. This is also borne out by 
experience at sewage works where a large proportion of tannery refuse 
is mixed with the sewage. 
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OHArTUR VI. 

THE PAPER TRADE. 

Raw matorials—PriKiftssea (or illHerciit kinds oC ])aper—Tlic ]>a]M-r machine—Volume of 
wasl.e water—Treatment—Oaustioising—Scjiarate treatment of kier luinons—Re-use 
of recovered lihre—Analyses—Wood-pnlp inauulacture—llibliogiuphy. 

The Hiitiirc i)f tlio luiiiid refuse from paper makhijr depends chiefly upon 
the kiiid of raw materials used ; and as these include such widely different 
substaiiees as rags of linen and cotton, rough sacking, old ropes, old paper, 
esparto grass, straw, and wood ptilp, it can remlily he understood that the 
refuse from diftbreut mills may he very dissimilar. In addition to the 
refuse produced from the raw materials, there are discharges of the various 
suhsUtnees used in the processes of matiufactnre, such, for iusteuce, as the 
lime aud soda used for the cleansing and disintegration of the fihroiis 
materials employed, and the hleaching, colouring, sizing, and filling 
reagents; so that ^he resulting comhiued refuse has a very complex 
character. 'To give a proper id(!a of the various kinds of refuse, it will, 
perhaps, he simplest to describe the processes of paper making as carried 
on in particular mills where different kinds of paper are iiimle. 

In one mill where a high-class notepaper is made and the raw materials 
are chiefly linen and cotton rags, mostly the latter, with the addition of 
some wood pulp, the rags, after being sorted, are cut into small pieces, and 
passed through a “ willcying ” machine, for the purpose of cleansing them 
of dust. They arc then boiled, under slight steam pressure, with water 
and caustic soda, of which from 5 to 10 per cent, of the weight of the 
materials is used. After the caustic liquid is run off, they receive, while 
still in the boiler, one rinsing with water, and are passed into the 
“washer,” where they are thoroughly washed with a large quantity of 
clean water. They pass out of the washer thro\igh rollers which express 
most of the water, and are conveyed to the “ breaker,” where, along with 
the wood pulp, they are torn up into their constituent fibres, and receive 
a further washing. Through both the washer and the breaker a current of 
water is constantly passing, so that what is first discharged is considerably 
fouled, but the processes are continued until the escaping water is clean. 

The next process is that of bleaching, where the materials, now in the 
condition of “ half pulp,” are treated with dilute chlorine liquor,," soured ” 
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with sulphuric acid, and rinsed in clean water. From the bleaching process, 
after being again pressed nearly dry, the half pulp is conveyed to a “ beat¬ 
ing engine,” similar in construction to the “ breaker,” in which are added 
colouring and “loading” materials, and from which the liquid pulp passes 
to the paper machine. 

The paper machine is very complicated, but consists essentially of an 
endless blind of wire cloth kept moving forward horizontally. The pulp 
as it falls on to the wire cloth is spread evenly upon it, the fibres are felted 
by a lateral jerking, and finally a continuous sheet of paper is formed, the 
water escaping through the meshes of the cloth. The wire cloth delivers 
the wet sheet of paper on to a continuous roll of felt, which carries it for¬ 
ward to deliver it again to a series of rollers and heated cylinders, from 
which it issues as the finished article. 

All the water which has been strained from the pulp, carrying with it 
a large amount of fine fibres along with loading and colouring materials, 
escapes into a tank under the machine, and from this most of it is pumped 
back to be mixed again with the pulp. There is always, however an 
excess of this “backwater” which has to be dealt with as refuse. 

From the above it will be g.athcred that the .sources of pollution in the 
process of paper making at this mill are somewhat as follows, and under 
the same heads the discharges from all paper mills can be classed. The 
quantities of refuse given are only ap]>roximately correct, and it must be 
premised that at this mill only high-class papers are made, and the supply 
of water is practically unlimited, so that probably more water is used than 
at most mills. • 


(1) The waste alkali used for the boiling, termed 

technically the “boilings” 

(2) The water in which tlie rags are rinsed after 

boiling, known as the “ coolings ” r 

(.3) The water from the washer . . . . 

(4) The discliargo from the breaker 
(.fi) The spent chlorine and acid waters from the 
process of bleaching. 

(6) Any excess of the water which has passed 

through the wire cloth of the paper machine 

(7) As a paper mill must be kept scruj)ulouBly 

clean, a large amount of water is used for 
swilling the floors. 

(8) In the making of the bleaching solution tliere 

resrdts a limey sludge, which should, 
however, not be allowed to escape along 
with the liquid waste. 


GallotiB 

Per Toil of Paper. 


4,000 


12.500 
50,000 

2,000 

15,000 

4.500 


Total 


88,000 
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In another mill, whore white printing paper is made from wood pulp, 
the pulp is thoroughly washed in a washer, is bleached in the same 
machine with chlorine liquor and weak acid, and again washed. It is 
then put into the beater, where the necessary loading is added, and from 
the heater the pulp is delivered to the paper machine. The excess of 
water from the machine is passed through a “ stuff catcher,” in which most 
of the hhrons matter is retained, while the water overflows and is partly 
pumped back into tlie washer, and partly allowed to escape. The 
polluting licpiids arc thus the discharg(« from the washer and some of the 
water escaping from the machine. 

At a third mill “press paper” is made. This is a stiff brown card¬ 
board, highly polished, which is used in the cloth trade to be placed between 
the layers of cloth during pressing. Heat is applied to tlie cloth during 
the process, and thus the paper must be of such a nature as not to injure 
the cloth even udien heated. 

The raw materials from which ])ress pajier is made are hemp and jute, 
usually in the form of sacking or old rojics. These are cut up by hand 
into pieces of l•onvcnieut size and passed through a rag-grinding machine, 
where they are torn into small fragments. They arc then boiled with 
milk of lime under steam pressure, partly for cleausing purposes and 
partly to disintegrate the material into its component fibres. To a ton 
of raw material about 2 cwts. of lime .and .bOO gallons of water .arc tulded. 
The material after this boiling is taken to the rag engine, where it is 
first washed and then beaten in water to form the pulp for the pap(U' 
machine. In the paper machine in this case' the pulp is delivered on to 
an endless “ blanket ” or roll of flannel, thi-ough wdiich the water escapes 
and leaves the pulp to form the sheet of j)aper. 

The refuse waters are therefore the lime liquid from the boilers, the 
dirty water from the rag engines, and the excess of water from the paper 
machine. Much of this.waste water from the paper machine comes from 
the process of cleansing the blanket on to which the pulp is discharged. 
The blanket is in the form of an endless bolt, carrying the pulp forward 
to a roller from which the paper is taken off by hand. As the blanket 
returns under the machine to the point where it receives the pulp it is 
cleansed of adhering fibres by a series of jets of water which play on it 
constantly. Owing to the filtration of the waste water through the flannel 
and its dilution by this large amount of cleansing water, the waste from 
the maohiue in this case contains much less impurity than iti other classes 
of paper works. It is in fact in this case simply passed through a “ save- 
all ” to recover fibre, and then discharged without further treatment and 
with little detriment to the stream 

At many mills esparto grass is used as a raw material. This is boiled 
under steam pressure in a solution of caustic soda, which dissolves out 
silica, resin, and various other organic matters, amounting to DO per cent, 
of the weight of the grass. The weight of soda used is about 10 per cent. 
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of that of the raw material. When the first “ boilings ’’ have been drained 
off, clean water is run into the boilers and steam is again turned on. The 
resulting liquid is also drained off, and further quantities of cold wfEfer are 
added, partly for cooling and partly lor washing the grass. The boilings 
and the first washings are both grossly jjolluting liquids, the fonner some¬ 
times containing over 8000 parts of solid matter per 100,000, and the 
latter abuiit a quarter of this amount. The later washings are less 
polluting in character, but are still (juite unfit to discharge to a stream. 
Tlio boiled grass is then transferred to the washers and treated in the same 
manner as rags, and the {polluting discharges from further processes are 
similar to those already described as produced in the manufacture of paper 
from rags. 

The cpiiintities of the various polluting discharges from a paper mill 
have alre.ady been given in the description of the processes, and the total 
amounted to 88,000 gallons per ton of paper in the c.ase of a mill where 
a high-class uotepaper is made, The Hoyal CouiTnissiou of 1865 (Finst 
Report, j). 1!)) found the <piantity of water used per ton of p<aper to bo 
nearly 1150,000 gallons, while Arnot in his Cantor Lectures of 1877 
estimated it to bo between .70,000 and 40,000 gallons. In the evidence 
given before the Royal Commission of 1898 (Seventh Report, vol. 3, 
Q. 30..376) it was stated that 

“in rag niills, tor every ton of mper made the eIHuent may Iss as high as 150,000 

gallons. In an esparto mill where water is very scarce.they u.se esparto, and a 

certain amount of prepared wood—the. elTliient is 10,000. In another mill, using 
rags, esparto, and some wood, lint bleaching everything, it i.s about 30,000 gallons 
per ton of paper.” 

The difference in these estimates is, no doubt, partly due to differences in 
the raw material used, and to the quantity of water available, but probably 
is also partly due to the re-use of much of the water in modern methods of 
paper making. 

The refuse fi'om paper mills generally contains in suspension large 
quantities of fibres and mineral matter, such as china clay and sulphates 
of barium and calcium, and in solution much organic matter dissolved 
out of the raw materials and arising from the animal and vegetable 
matters used in sizing, as well as colouring matter and salts of lime. There 
is also frequently free chlorine present, which has been allowed to escape 
from the bleaching process, but this is quite unnecessary, and can be 
prevented by careful management. Such refuse discharged into a stream 
may give rise to great nuisance. The solids in suspension are deposited 
in the bed of the stream, and as many of the solids in solution are only 
kept dissolved by the alkali present, they also are deposited when the 
alkalinity is reduced by dilution. The sludge thus deposited soon ferments 
and decomposes, giving off sulphuretted hydrogen and other offensive gases. 

The treatment of the refuse is comparatively simple in principle. The 
most polluting liquids and the most difficult to purify are the alkaline 
“boilings,” first washinis, and “ coolings,” and where soda is used in the 
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boilers, as in the case of mills where esparto grass is the raw material, 
it is found best to evaporate these liquids to dryness, and to incinerate tSe . 
dried residue for the recovery of the alkali as carbonate of soda (see pp. 275 
and 282). This is a profitable proceeding, for as much as 75 per cent, of 
the soda can be recovered and used over again (.see Iloy.al Commission, 
1898, Seventh lleporl, vol. 3, Q. 29,825). The caustic soda used in the 
boilers is usually obtained in the first instance from soda ash by <‘causticis- 
ing ” with lime, !iud the inciueratwl residue from the evaporating ])roccsa is 
treated in the same manner. 

In this causticisiug process the carbonate of soda is dissolved in water 
by the aid of steam, and to the solution thus formed, milk of lime is 
added in snflicient (piantity to combine with the carbonic acid and set the 
soda free. The caustic solution thus obtained is used in the kiere or rag 
boilers ; tlu' carbonate of lime is deposited as sludge, .and, like the similar 
deposit in the jireparation of the bleaching solution, should never be dis¬ 
charged with the liipiid refuse, but shoidd be removed with the rest of the 
solid refuse of the mill. 'Phis sludge is large in amount and may be 
costly to dispose of, but has some value for agricultural purposes 
(Hendrick, ('hemiml Trmle Jmirwil, 1912, 21.st September, p. 295). It 
has been suggested that its production (sei' llubncr, CmUor Lectures on 
Paper ALdini/, Societi/ of Jrts, 1903, p. 17, and Royal (Commission on 
Sewage Disposal, 1898, Seventh lleport, vol. 3, Q. 29,777) can be avoided 
by using the causticisiug process of lirunner, Mond & (!o., in which the 
soda ash at a high temper,ature is treated with ferric o.vidc, which expels 
the carbon dioxide and combines loosely wifh the soda. 'I’he compound 
thus foniied readily, decomjioses on addition of w ater into caustic swla and 
insoluble ferric oxide, and the latter can be re-used. 

Ill mills whore the raw’ materials are boiled with lime, the alkaline 
waters should be discharged into a coiding and .storage tank, from which 
they should be gindiiaRy let oft' to mix in a somewhat uuifonn manner 
with the I’cst of the refuse. 

The mixed refuse should then lie passeil through effective settling 
tanks (see Chapter XI.), and alumino-fcrric will be found to assist 
the clarification. If the settling tanks arc sufficiently large and well 
arranged and the effluent is to be discharged into a stream of sufficient 
size, no further purification may be necessary; in other cases some form 
of filtration may be required. 

In Fig. 10 a plan is given of the purification works at the first mill 
mentioned (p. 84). These consist of a storage tank for the reception of 
the refuse from the rag boiler, so that it can be discharged gradually to 
mix with the rest of the refuse, three settling tanks, followed by a patent 
filter, and a sludge press fed by an elevator. The filter in this case 
(Wilson’s patent, made by Masson, Scott A Co., Ltd., New Wandsworth) is 
in duplicate, each half consisting of a rectangular cast-iron cistern filled 
with sand as filtering medium. Above the level of the filter a flushing 
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cistern is fixed, which is kept consbmtly supplied with clear or filtered 
water. When the tank effluent is passed through the filter the sand soon 
becomes clogged hy the solids retained on the surface, and wnSn this 
happens the liquid ponds on the surface until it reaches a height which 
sets a syphon in action, with tlm result that the effluent from the filter is 
automatically stopped while the flushing water from the elevated cistern 
is admitted \inderneath the filtering medium, together with a supply of 
air. This current of air and water passing upwards through the sand 
washes out tin' dejnisited solids, which are discharged again to the settling 
tanks. This washing comes automatically to an end and the filter again 
comes into action. 

The capital outlay on the whole plant, as shown in the illustration, 
including land for tipi)ing the sliidgi!, was jClOOO. The annual charges are 
given approximately at £150, including £lfi for de])re(aation, £40 for 
wages, £17 for steam, and £75 for interest on capital. 

Fig. 11 shows the purification works at the second mill (p. dO). They 
consist of two larg(' settling tanks to which the refuse is i>umped, a filter 
of ashes ni)on broken stone, and a sludge lagoon. 

Many other ])lans of purification works can ho fo\ind in the F'ourth 
lle])ort of the Koyal Commission, 1808 (p. C‘2), in Mr Naylor’s hook on 
Traihs' llVisfc (p. 210), and in a Report on Trade Refuse hy Dr Schiele 
(MiHeilmu/en aiis tier Kiimylichen Priifiiniisanstdll Berlin, vol. 11). 

Table XX\'!. shows the coinpositioii of the vai'ious kinds of refuse 
and the results of treatment. From this treatment of the refuse large 
quantities of sludge result, consisting in great part ol fibrous matter 
which can be useil for making inferior kinds of pajw'r.. 

At the first of the two mills mentioned above 100 tons of sludge per 
annum are obtained from a daily flow of 330,000 gallons of refuse, and the 
manufacturer has been so struck by this waste of material that he is at 
present intrixlncing ajqiaratus for the recovery^ of much of the fibrous 
material from the wash! waiters. At the second mill about 45 tons of 
jxiper are made weekly, and the sludge recovered from the purification 
works amounts to 50 tons per annum, but in this case only wood pulp is 
used as the raw material, and gri'at care is taken to prevent escape of fibre. 

The sludge thus recovei’od from the combined refuse is, however, mixed 
with all the dirt which has been washed out of the raw material, and the 
fibrous matter is unusabli!. The better plan is to treat the waste dis¬ 
charged from tin! breakers, the beaters, and the paper machine separately 
for the reciivery of pulp, which is then fit for use as a raw material, leaving 
the dirty water from the boiler and washer to be otherwise dealt with. 

At Darwen Paper Mill, Lancashire, where wood pulp is the chief raw 
material used, a very excellent set of settling tanks has heen provided for 
the purification of w'aste waters. The larger proportion of these tanks is 
set aside for dealing with the cleaner waters, and the sludge deposited in 
them is pressed and umkI over again in the mill. Ry this arrangement 
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more than half the totol sludge can he re-used, thus avoiding great waste 
and lessening tlie amount of shidge for which a tip has to be found. 

It is iucreasiugly the practice to attaeli a fibre-saving machine, such as 
Kullnor’s Stuff Catcher (Fig. 12), to ea(-h paper machine. To this, any 
overflow from tlie “stuff chest” whi(di feeds the paper machine and all 
the water draining from the latter are discharged. From these liquids 
the fibrous mattm' settles and is returned coutiuuously into the stuff 
chest. One great advantage of tliis process is tliat it is continuous and 
that the recovered tilue can lie used up again imm«liately, no pressing or 
storing being required. Several maiiufaetiirers state that the pulp saver 


-Fnllner’K Filler. 


(Otto Loohla, Loiulon.) 


Fill. Kl.- 


by such means yields a handsome proHt, increasing the output of paper 
by 2 or 3 per cent. The removal of so much solid matter from the refuse, 
moreover, greatly lessens the amount of sludge to be dealt with, and 
renders the treatment of the rest of the refuse much easier. 

There are other forms of fibre-saving apparatus, such as the patent 
tanks of Mr M. Allen, tlE., of Manchester, Fnllncr’s Filter (Fig. 13) and a 
conical “Save All” (Fig. U). In the filter the back water is strained 
through a'continuous felt cloth which is kept revolving by machinery 
and cleansed by a water spray. The save all is in the fonn of a truncated 
cone revolving on a central axis and covered with perforatecl copper, the 
back water being fulmittod into the interior of /he cone at the narrow 
end and escaping through the perforations, while the pulp gradually 
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falls to be discharged at the lower and wider end of the cone. In 
connection with these a filter press is generally nsod, so that the fij)re is 
recovered in the form of a pressed cake. Fibre thus recovered is gener¬ 
ally considered nnsnitable for making high-class papers, and is often 
sold to other manufaeturei’s who make coarser papers. In any case it 
must be hxjjced upon as a raw material and passed through all the ordinary 
processes, and before it again roaches the pai)er machine there may bo a 
change in the kind or colour of pai)ei' made, so that it cannot at once be 
re-used. An apparatus such as a stulV catcher or save-all is not sufficient 
to purify effectively the waters passed through it, and those must after- 
1 1 , X.i,..i 111 ... fiw> roriisi* from tho mill. Ht liowever, 
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them may he pressed .and returned to the mill to l» used as raw material, 

as is done at the Darwen Paper Mill. 

Wood-pulp Manufacture.—The use of woikI pulp in the manufacbiro 
of paper is rapidly increasing, and its preparation is a cause of very serious 
river pollution, especially in America and (lerraany. There are two pro¬ 
cesses by which the cellulose of wmid is prepared to be made into pa^r, 
tho one a mechanical process and the other a chemical; Ind as there 
appears to he no manufacture of mechanical wood pulp in this country, 
it is uniiecoNsary to .lescrihe the method of its preparation. Those interested 
will find it described in tho text-books mentioned m the bibliography at 
the end of this chapter. 

In the preparation of chemical wood pulp there are three processes 
ordinarily in use, in which caustic soda, sodium sulphate along with caustic 
soda, and calcium bisulphite along with sulphurous acid, are the reagents 
respectively employed. Iho last of these seems to be tho process m use 
in this comtry, and that only in a very few mstances. 
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In thiR Rulphite process the wood is ground into small pieces by 
machinery, and boilod under considerable steam pressure in kiers, in a 
solution ot calcium bisulphite charged with sulphurous acid. After boiling 
for many hours the kicr liquor is drained off, the kier again charged with 
water and heated up by steam, and this first washing water drained away, 
and the washing process is repeated a second time. The wood pulp thus 
prepared is taken to the paper mill and miwle into paper, as has already 
been described. 

The discharges from the sulphite process are thus divisible into three : 
the crude kicr li([uor containing the spent bisulphite and the organic 
matters which liave been dissolved out of the wood, a brown, slightly 
turbid licpiid with a strong, peculiar, and not unpleasant smell; and the 
first and second washings, which are similar liipiids, but more dilute. The 
crude, kier liquor and the first washings contiun so nmch organic matter 
that they are very dillicult to purify; the liiial washings can be mi.xed 
with the general refuse of a pa])ei' mill and purified along with it. 

I'or dealing with the crude kier li<pior and the first washings the only 
method to be recommended is .a process of evaporation, like that suggested 
for the kier li(|Uor from the boiling of esparto grass. If these liquids, 
which, as they are discharged, have a specific gravity of I'OIO, arc 
evapomted down until they reach a si)eeific gravity of I'fiOO, the restdting 
treacly liquid can lie used for various industrial purposes, such as sizing 
paper, tanning and dyeing, preventing dust on roads, and milking small 
coal into briipiettes. In this country the quantity ot this kind of refuse 
is so small that tin' production scarcely meets the demand, and the price 
received more than pays for the somewhat costly evaporation jirocess, but 
on the tlontinent and in America so much is produced that its utilisation 
forms a problem not yet solved. For every ton of ])a|)cr jiulp produced 
there is a discharge of nearly a ton of solids dissolved in the refuse 
water, so that the total waste of organic material is enormous. Many 
attempts have been made to utilise this W'aste, and recently it has been 
suggested that it should be used for the production of sugar and alcohol. 

The methods of evaporation adopted arc described in Cha|)ter XI., and 
in this case it must bo remembered that the liquid contains free sulphurous 
acid and many sulphur compounds, and acts very vigorously upon metals, 
so that the wear and tear of the evaporation plant is very great, and may 
amount to as much as 20 per cent, of its value annually. 
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OHAPTUll Vll. 

THE TEXTILE TRADES. 

ClassiiiR.'ition ortiuile |m)(;e.ssft8—Cotton Itbaohini;-* Kior Ii<iUov—f^)tton-waste Itltniching 
—l)i;gnasiii({—liloacliiii}' iiinl iTlting of lliix, lipni]>, ami jute—Wool washing— 
Hecovery of potash and grpa.se—Inipvovenients in grease recovery—Kuitlicr treat¬ 
ment of elllnent from seak tanks—Preuijiitation and hiological fdtmtion—Evapora¬ 
tion of wool suds {Smitli-Leaeli ajrparatus)—Cliambers and ilammond^s process— 
Solvent processes rtf degreasing wtKil—Silk boiling. 

IInper this hend iiniy l)e grouped all the proeosscs by means of which 
tibroiis materials either of animal or vegetable origin are made into woven 
fabrics. Tht^ nio.st important of these raw materials are cotton, wool, silk, 
fla.v, hemp, atid jute, and the jiroceases which they undergo yield waste 
waters which for the most part fall into two categories, the first comprising 
the Inpiirls winch result from the cleansing and preparation of the materials, 
the second those coming from the manufacturing and finishing processes, 
llofuse of the first kind, such as that from wool washing, silk boiling, and 
flax rotting, contains much organic matter which lias been extracted from 
the materials themselves, whereas tlic other kind of I’ofusc owes its 
polluting character chiefly to the various reagents used, such, for instance, 
as oil, soap, fuller’s earth, and dyewares. 

Dealiug first with Ihe waste waters resulting from the preparatory 
processes, they may bo considered under the following heads 

1. llleachiiig of vegetable fibres. 

2. netting of flax, jnte, and hemp. 

.fl. Wool washing. 

4. Silk boiling. 

The purification of liejuids arising from these procc.sses, since they 
contain large (piautities of dissolved organic matters, mast generally 
dojiend finally upon hiological inotho<ls. 

The secondary processes include :— 

1. Dyeing and printing. 

2. Stiffening and loading. 

.1. Carbonising and stripping. 

4. Yarn washing and piece scouring. 

For the most part, refuse from these procisses can ho purified by 
chemical precipitation and straining. 

96 



THE TEXTILE TRADES. 


97 


Cotton Bleacbdng. —Haw cotton as it reaches the spinner contains 
about 5 i>er cent, of impurities, which, if not removed, would impair the 
whiteness of the manufactured jjoods, and would interfere with subsequent 
dyeing and printing operations. These impurities, according to Dr E. 
Schunck, comprise:— 

1. A cotton wax. 

2. A fatly acad, wliicli ai)pcar.s to be either margaric or a mixture of 

palmitic and stearic acids. 

H. Nitrogenous colouring matters. 

4. I’cctic acid, wliich forms the greater bidk of the impurities. 

r>. jVlbiiminoiis matter. 

The raw cotton is usually spun into yarn or oven woven into pieces 
before any attempt is made to get rid of the imp\irities. Further, in order 
to stiffen the filire and to facilibite the weaving j)rocess, or in some eases to 
adulterate tlie goods, substances such as si/.e and china clay are iidded to 
such an extent that (liey may form as nuKih .as 30 or 40 per cent, by 
weight of tile woven goods. The object of bleaching is to remove all 
these natural and artificial iinpuiities from the cotton fibre, cither for the 
purpos(‘ of selling the goods in the wliitc state, or in order to make them 
suitable for being dyed or printed. 

So far as the jiolluting discharges are concerned, there is so little 
difference between tlie bleaching of cotton piece gooils and cotton yam 
that one description may serve for both. In the bleaching of cotton piece 
goods there are several processes in common use. In that most jiractised 
the various operations are ; — 

I. Drey washing. 

2. Roiling wMth lime. 

3. Treatment with weak acid. 

■1. Roiling with soda ash .and resin soap. 

5. Treatment with a solution of bleaching powMer. 

(). Treatment with weak acid. 

7. Final washing. 

1. In the “grey washing” the goods arc passed through water, which 
removes some of the soluble matters. The wet gowls after this washing 
are allowed to lie in a heap, when femientatiou is set up, which renders the 
starchy mattei-s soluble. 

2. In the “ lime boil ” the goods arc passed through milk of lime aud 
packed in a “ kier,” a largo iron or steel cylinder, in which they are heated 
by steam, sometimes under pressure. After the boiling, the lime liquor is 
run off and the kier filled with cold water and again emptied. The chief 
effect of the lime boil is to decompose the fatty and oily matters contained 
in the pieces, with the formation of lime soaps which adhere to the fibres. 
It also removes starchy and other soluble matters, and chemically changes 
other impurities, so that tifsy are easily washed out afterwards. In some 
oases soda is used instead of lime, and has much the same effect. The 

7. 
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goods removed from the kior are washed in water to remove the iin- 
piirit'js and as much of the liiiw! a.s possible. 

3. Tiie goods are then jmssed through a weak solution of sul]ihnric or 
hydroehlorie .'leid, the “first sour” or “grey .sour.” This decomposes the 
lime soaps on the fibre, and dissolves metallic o.vides and other mineral 
matters, which are then removed by another washing. 

4. In the ne.vt process the goods are boiled, usually under pressure, in 
a solution of soda ash and resin, the “lye boil,” and are then fnrther boiled, 
either in a weak solution of soda or in water, to dissolve the resin soap, 
which is afterwards removed by a thorough washing. In this lye boiling 
the fatty acids are dissolved out by the alkali used, and the resin soap 
removes from the fibre some constituents which readily absorb colours. 
The resin, therefore, is chiefly used for goods which are to he printed, and 
in bleaching othei' giKKls is often omitted. 

•'). The next process is that of bleaching proper, or “chemieking.” In 
it the gocKls are passed through a bleaching solution, prej)ared by mixing 
bleaching powder with water, allowing the solids to settle, and drawing ofl' 
the supernatant liejuid. After the chemieking the goods are washed in 
water, hut are sometimes first piled in a hiaip so as to allow flu; hleaching 
iigent time to act with the assistance of the carbon dio.\ide of the air. 

0. In the “ white sour ” the goods arc again passe<l through a weak 
solution of sulphuric or hydrochloric a(!id, which completes the bleaching 
process and dissolves the lime .salts resulting from the u.se of the bleaching 
solution. 

7. The goods are finally thoi’oughly w.ashed in large volumes of clean 
water, and in the case of yarns this final washing is j)receded hy sofb'uing 
the yarn in a hot solution of soap. 

The waste li()uids discharged from those different processes vary greatly 
in character (see Table XXVll.). Much of the water used for washing is 
only slightly polluteiJ and Ciin be little improved by ordinary methods 
of tnaitmont. It can, in fact, in many cases, be discharged to a stream 
without much detriment to the waters. Rut it this is done it needs great 
care on the part of the manufacturer in dividing his cleaner waters from 
the more polluted (see p. 199). By far the worst liipud is that which is 
discharged from the kiors, and thi.s should be disposed of separately, and 
for this purpose various contrivances have been adopkd. In some cases 
it is got rid of by pouring it into disused pits or by irrigating it upon 
land where it can percolate into the subsoil. If such simple methods of 
disposal are not available, then recourse must be had to special means. 
When a waste soda liquor is neutralised with sulphuric acid there is (see 
Table XXVIll.) a large precipitation of the contained solids and a great 
reduction in the oxygen-absorbed figure, which shows that much of the 
organic matter is removed, and after settlement, the resulting neutral 
liquid can be mixed and treated along with iCie rest of the bleach-croft 
refuse without difficulty. In the case of a lime liipior the effects of this 
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acid trcatmont arc much less marked, but instead of sulplmrie acid, carbon 
dioxidti or flu<‘ gases could be used. 

Hut perliajks the best method of dealing with the kicr liquor is by con¬ 
centration and evaporation. When a soda lye is used in the kiers it still 
contains after the boiling a lai'ge amount of unexhausted soda, besides that 
which is combined with organic matters extracted from the materials, and 
this soda is recoverable by the same method as that used for the boilings 
of es|)arto grass (p. SS). The strength of the lye in this case is con- 
siderabl)' less than that in the p.'iper-lrade refuse, but the recoveiy of soda 


Tauuk XXVI11. 
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will at least go a long way towards paying for the cost of the process. In 
some cases, moreover, it is possible to use the spent lye a second time, 
strengthening it by the addition of further quantities of soda, and thus 
to obtain au alkaline liquid sufficiently strong to make its evaporation 
profitable, or this object can be to some extent attained and the polluting 
discharges lessened by using the first washings from one kior to make up 
the lye for the next. The necessary apparatus for evaporation and the 
method of its use will be found described in Chapter XI. Where a lime 
boil is used there is obviously no return to be expected from au evaporation 
proeess, but in sueh cases it may be found advantageous to use soda instead 
of lime, or the kier liquor may be precipitated ivith sulphuric acid before 
being mixed with the rest of the refuse (see Table XXVIII.). 
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Where for any reason no separate treatment of the kier liiiuor is 
adopted, it should bo stored up to be discharged so as to mix gritlually 
with the rest of tins bleacti-croft rohise. If this is not done the sudden 
rushes of strongly alkaline liipior will be certain to upset any method 
of treatment. 

If the Jkier liquor is dealt with separately, as above siiggestcd, the 
trcatimait of tbc refuse from a t)l(^ach croft is not a difficult matter. Such 
a liquid, as has already been snggiisUd, lends itself to purilication by 
biological metbods becanse of the organic matter it contains. 

Mr W. Naylor, A.M.I.(.!.K., in bis book on Trades' Waste, describes 
works for the purification of bleach-croft irduse both by means of contact 
beds and perc(datiug filters, and states that he obtained good results by 
both methods. Those works are still in use, but, as the .area of filters is 
too small to deal prop(a'ly with the volume of refuse passing through 
them, the results obtained are more the efl'oct of simple straining than of 
biological action. In order to render the refuse more susceptible to 
biological treatment, Mr Naylor kept it in a tank to which septic sewage 
sludge was added from time to time; but this seems .scarcely necessary, as 
the refuse kept by itself soon becomes septic and evolves sulphuretted 
hydrogen. It is, in fact, now generally held that such li(|uids sbonld not 
be allowed to become sisptic before being applied to biological tilt(U'.s. The 
additicai of the sewage sludge, however, may have the effect of introducing 
organisms which play an important jiart in the destruction of the organic 
matters in the refuse. 

In the 1900 llejwrt of the State Board of Health of^Massachusetts it is 
stated (p. 301) that mixed refuse from a Ideach croft can be dealt with by 
sedimentation, followed by filtration through three feet of sand at a rate 
of .^0,000 gallons pisr acre daily, with the production of an effluent showing 
91 per cent, purification as determined by the o.xygen absorbed. 

Laboratory experiments bo.ar out tlu! above conclusions, for on applying 
a .4etcled mixture of the various discharges, including a more than pro¬ 
portional amount of strong kier liquor, to the filter described on p. 117, an 
effluent was produced (see Table XXIX.), showing nearly 60 jier cent, of 
purification w'hen judged by the oxygen-absorbiid figure, containing large 
amounts of Tutrates, and remaining inoffensive and stable on incubation. 
The liquid was applied to the filter at the rate of .'1.3 gallons per cid)e yard 
per day, the whole being applied during eight hours out of the twenty-four. 
A second filtration of this effluent produced little further purification. 

From the foregoing examples it is abundantly evident that these 
bleach-croft liquids are amenable to biological treatment, and the best 
method of dealing with them appears to bo the separate disposal of the kier 
liquors, the mixture and settlement of the other discharges in tanks such 
as are described in Ohapter XI. (the tank treatment can be much assisted 
by the use of a chemical*precipitant), and the distribution of the settled 
liquor upon a percolating filter, such as is described on p. 269, at a rate 
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not exceeding 100 galloiiM per cube yard per day. It may also be 
necessary to provide straining tilters or secondary tanks for tlie removal 
of suspended matter from the percolating filter effluent. 

Tl)e.se biological metbod.s recommended above do not seem to have been 
brought into use on a sufficient scale at any bloacb croft; the treatment 
carried out is usually settlement of tla^ mixed refuse, sometimes aided 
by precipit’ition with alumino-ferrie, followed by straining through filters 
of cinders or clinker ; but this does not appear to give a really satisfactory 
result in any case, and there are few bleaeli crofts of any imjiortance which 
do not injuriously affect the streams into which their refuse is discharged. 

As exaiuples of the kind of refuse produced in cotton bleaching and 
the effect of its treatment by settlement and straining, the analyses in 
Table XXVI1. are given. The total ilaily flow of refuse at the bleach 
works where these samples were taken is .ahimt 7.o,()()() gallons, of which 
the larger proportion, consisting of the washing watei's, is discharged 
direct to the stream. The more polluting part of the refuse is received 
into a sump of 18,400 gallons capacity, from which it is pumped by 
means of a steam injector inbi two settling tanks, each holding f.hOO 
gallons. These overflow on to two cinder filters, each of 1(1 square yards 
area, and a sludge filter is provided for receiving the sludge which settles 
in the tanka. plan and section of those works are given in Fig. l.o. 

In tins case the ipiautities of the various licpiors discharged from 
bleaching 1000 lbs. of cloth are;— 


Lime boil . 

Spent chlorine liquor . 
Spent acid . 

Soda-ash boil 
Washing waters 


400 gallons. 


^0 
60 
400 
. 14,080 


Total . . rri.ooo 


Although no provision is here made for treating the ki(>r liquor 
separately or discharging it gradually so as to mix uniformly with the rest 
of the refuse, the latter object is to a great extent attained by the mixing 
which takes place in the comparatively large sump. 

Cotton-Waste Bleaching.—An important industry in the cotton 
districts is that of bleaching cotton waste, which is afterwards made into 
gun-cotton. The raw material of this industry consists of the cotton fibre 
swept from the floors of spinning mills, and of the cotton waste which has 
been used for cleansing machinery. It is thus extremely dirty, containing 
sometimes 30 per cent, of impurities, and of these, half, or more, may be 
oil or grease which has been wiped off the machinery. 

The processes of bleaching cotton waste are practically the same as 
those already described fcr dealing with cotton piece goods, but the grease 
present raises special difficulties and may cause much more polluting 
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discharges, if only the ordinary processes are employed. In the best 
equip^d mills the cotton waste is first degreased by being treated in 
closed iron vessels with a grease solvent, sucli as petroleum naphtha. The 
solution of grease is afterwards distilled to separate the solvent from the 
grease, the former being re-used and the latter sold as a bye-produet. This 
process is fortunately quite a profitable one, besides rendering the after 
imocess of bleaching much easier and the final discharges 'much loss 
polluting. 





SecTion. 


Fto. l.t. — Woi-ks for the Purification of Refuse from Cotton Bleaching. 

For th(! degreasing of such materials as cotton waste by a solvent 
process several forms of apparatus are in use. The new process described 
on p. 12.'> in connection with the degreasing of wool is e<iually applicable 
to cotton waste, and is probably the most economical and most complete. 
The usual process is described in (lhaptcr X., p. 211, as applied to the 
degreasing of sludge cake. 

The grease in cotton waste can also bo o.\lracted by the aid of steam 
in the Turbine Centrifugal Fat Extractor of the Industrial Waste 
Eliminators, Ltd., 20 High Holborn, London. Their machine is in the 
form of a centrifugal drier such as is found in njost textile factories. It 
is driven by a steam turbine, and the exhaust steam is made to permeate 
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the greaey material. By centrifugal action the grease liguefiod by the 
steam is driven to the periphery, where it i.s collected. In dealii^ with 
greasy mill cloths it is stated that only 2 per cent, of grease is left iu the 
cloths after treatment in this apparatus. 

The degreased cotton is freed from the last traces of solvent by means 
of superheated steam, and is then thoronghly Wiished with water and 
afterwards with weak acid, boiled with soda ash, washed, clicmicked, soured, 
and finally washed. Large? volumes of water are nsefl in all the washing 
processes, w Inch are carried on in “ heaters ” similar to those used in 
preparing paper pulp. 

Even after a degreasing process the combined refuse from cotton-waste 
bleaching (see Table XXX.) is much more |)ollnting than that from an 
ordinary bleach croft, inasmucli as tlic raw material contains a great deal 
of filth which is not present in raw cotton. The worst discharge is that 
from the kiers, which should, as already suggested, be treated Be[)aratoly. 
In tlic discharges from the repeated washings a groat deal (jf loose cotton 
fibre escapes, and this it is found highly profitable to recover by the aid 
of s(!reening apjiax’atus, such For instance as that shown in Eigs. 41, 42, 
and 4.'!. Its amount may be as much as 2 per cent, of the raw material, 
and if not recov<'red it adds considerably to the difficulties of j)urification, 
especially by increiising the amount of sludge produced. 

The further purification of the rcFuse may be efiected by the same 
means as are employwl for that of an oi-dinary bleach croft (see p. 101), 
provided, that is, that the degreasing process is first adopted, and this 
should always be insisted upon. 

Table XXX. gives the analyses of the various discTiarges from cotton- 
waste bleaching at a mill provided with an up-to-date solvent plant for 
the extraction of grease. It shows also the results of simple settlement 
of the mixed refuse. In this ease the (piantities of the various discharges 
from the bUiiiching of 1000 lbs. of waste are approlKmately as follows:— 


Ki('r liquor. 

360 gidlons 

Spent chlorine liquor . 

. 3,800 „ 

Spent acid. 

. 3,800 „ 

Washing water .... 

. 16,040 „ 

Total . 

. 24,000 „ 


Flax, Hemp, and Jute Bleaching.—The bleaching of these materials, 
whether in the yarn or the piece, is essentially the same as the process 
used for cotton. It is, however, longer and more tedious, and the various 
processes, boiling, chemicking, and souring, must be repeated several 
times before a satisfactory white is obtained. The raw materials contain 
a greater proportion of impurities than raw cotton; for whereas ordinary 
raw cotton only contains tibout 5 per cent, of foreign matter, linen when 
fully bleached loses as much as 20 per cent, of its weight. 



REFUSE FROM COTTON-AVASTE BLEACHING. 
{Besults expressed in 100,000.) 
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The liquids discharfjed .are very similar to those mentioned in con¬ 
nection witli cotton bleaching. The most iwlhiting discharges wo the 
kior liquors and first washing waters, wind) in this ca.se contain very much 
larger proportions of dissolved organic matter. Those liquids should be 
strengthemsd by the addition of more soda, the alkali generally used, 
should bo foucentrated by rc-iise, and finally evaporated to dryness and 
incinerated for the rccov<!ry of the soda (8(» p. 27.')). The refuse from the 
other processes cun then easily be ])nrified like that of the onliuary bleach 
croft, especially if chemical precipitants are \ised. 

In bleaching these vegetable fibres various other reagents are at times 
used in jdace of chlorine, such as permanganate of potash, bisulphites, and 
perborates, but any residting refuse is easy to purify in conijairisou with 
the li(juoi-s from the ordinary process. 

Retting of Fta, Hemp, and Jute.—Although the manufacture of 
te.xtile fabri(!s from fiax, hemp, and jute is a very inqiortant industry, the 
plants from which the materials are obbiiued are scldoin gi-own in this 
country. Where they are grown, tbi' process of “retting,” or separating 
the crude fibn's from the plant as harvested yields liquid refuse of a highly 
polluting (diaracter. Ibindles of the plants are steeped in water for a 
week or two, when a fermentation takes place of the pectose in the colls 
which hind the hast fibres together, the active agents being certain species 
of bacteria. This fermentation is accompanied by the solution of much 
org.itiic matter, producing a liquid wdiich has a very oft'ensive smell and 
which is capable of causing mhmsc pollution if discharged into a stream, 
netting is almost invaritdily done on the farms where the crops are grown, 
so that it is a (aimparatively easy matter to di8))ose of the refuse by 
irrigation upon land; it has indeed vabiabh? mamirial properties. 

Wool Washing.--W(«)l as it is removed from the sheep’s back contains 
a considerable proportion, oftcni over 50 per cent., of material other than 
wool fibre. This material consists in gi'oat part animal secretions, but 
also of sand and dirt, together with vegetable matters which mechanically 
adhere to the wool. Ilcfore the wool can be utilised it must undergo a 
washitig process, in which the foreign materials ar(\ removed by the aid of 
water and soap, soda, or other detergents. 

The animal secretions are known as “ yolk ” (French, “ suint ”), and are 
partly soluble in water and partly insoluble. The soluble matters are 
mainly the potash salts of oleic acid and other fatty acids, such as lano- 
palmic and capric, and when greasy wool is washed in water these potash 
salts, which are of a soapy nature, cause the “ wool grease ” or “ wool wax ” 
to emulsify, so that it can be more easily washed out of the fibre. The 
wool grease, which is insoluble in water, appears to consist mainly of 
various esters of cholesterol, isocholosterol, ceryl alcohol, and camubyl 
alcohol, with oleic, lanopalmic, lanooerio, carnubic, and other acids. Some 
glyceride of myristio aoiS has also been isolated, and it is probable that 
free cbol^terol and isocholesterol are also present. 
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The raw wool used in the wool trade varies very iimeh in the condition 
in wh.ch it reaches the manufacturer, “(ireasy wool” from the Cape, 
Australia, and the Arf;entino, is used to a great extent, and this may 
contain over .'iO per cent, of impurities, including as much as l-l to 2.5 
per cent, of grease, G to 7 per cent, of potash siilts, and 3 to 24 per cent, 
of sand and dirt. Occasioniilly this wool is washed in the country of its 
origin in order to lessen freightage charges, and this practice is constantly 
increasing. The wool which has thus been treated is bought as “ scoured 
wool,” but still contains sufKcient grease and imjmrities to render a further 
washing necessary. “ Home-bred wool ” never contains so much extraneous 
matter as the unscoured foreign wools. It generally loses only some 20 to 
22 per cent, of its weight when washed, of which from 7 to 10 ])er cent, may 
be grease. “ Slipi\ ” or “ skin wool ” is that which is removed from the skin 
of the dead sheep, and when removed by the fellmonger or tiinner most of 
it is known as “lime wool,” since it contains considerable amounts of the 
lime used in the ordinary process of unhairing (sec p. 72). This lime is in 
combination with much of the natural grease of the wool, and has dis¬ 
placed the potash which was originally present. These ditferent kinds of 
wool are now very frecjuently blended before they are washed, when the 
projHjrtions of greas(!, potash, and Siind present vary according to the 
kinds of wool present in the mixture. Other nuaterials used in the wool 
trade include mohair, alpaca, and camel’s hair, but these contain com¬ 
paratively small amounts of greasy matter or potash, although at times 
they may be exceedingly dirty. 

'I'he process of wool washing is usually carried on in a set of three or 
four Tctrie or M'Nfiught wool-washing bowls. These are long tanks, each 
conbiining .500 to 17G0 gallons of water at a temperature of about 40° to 
50° C. They are used in series, the wool being passed consecutively from 
the fii'st to the last, and to the first bowl detergents, such as soap and 
soda, are added from tfino to time. The water used for washing, on the 
other hand, is passed backwards consecutively from the last to the first, 
so that the dirty water is finally discharged from the first bowl, and is 
therefore all of a very polluting character, and approximately uniform 
in composition. In one case where greasy wool was being washed, every 
100 lbs. of wool reejuired 14 gallons of water, and a little ov(!r 2 lbs. of 
soft soap. In other cases, however, it is estimated that 100 gallons of 
water are required for washing 100 lbs. of wool. 

In small mills the wool washing process is often carried out in a some¬ 
what ditferent manner. The wool is placed in a perforated vessel within a 
vat fillefl with water, and soap, soda, or some other cleansing material is 
added. Stale urine or pigs’ dung and even human excrement wore 
formerly commonly used os detergents, although now less often. The 
water is heated and the wool stirred about from time to time, being 
finally drained and transferred in the prerforatid vessel to another vat 
to be washed repeatedly with clean water. The soajiy contents of the 
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first vat arc usually stored u]) and re-used until they become impregnated 
with gre,ase and dirt, or too putrid to bo used, when they are di8charge<l 
and the cistern is made up afresh. The discharges fnim this wool-washing 
process, therefore, vary greatly, imsluding tin; very foul and often 
putrefying lupiid from the steeping tank, and the successively cleaner 
washing waters. The amount of water used in this way is difliciilt to 
(istimate. * In the Third ReiX)rt of the 186-') Commission (p. 24), it is 
given at 224 gallons to 100 lbs. of wool in each washing, of which there 
are two or more. This procc,s.s is never found in use in a mill which is 
entirely given over to wool combing, so that the refuse produced by it 
generally ropiii'cs to bo purified along with other kinds of refuse, such 
iis that from pieci^ scoui-ing and dyeing. 

In a wool-combing mill the wool, after leaving the washing Ixiwls, 
is dried by being squeezed between rollers and gener.'diy also by being 
passed thi-ough a hot-air chamber. It is then |)repared for carding by 
the addition of .some O’O.o per (»nt. of olive oil. After carding it under¬ 
goes the ])rocess of “ hack washing,” which is a secondary rinsing in 
soapy watei' of the “.slivers” oi' loose untwisted rojres of wool pi-oduced 
in the carding process. The soapy water removes the oil, but takes up 
very little dirt, as this has been previously scoured 0 )it of the wool. The 
water used in backwashing is tisually less than one-tenth of the <jnantity 
which osc.apc8 from the wool-washing bowls, and is not nearly so polluting 
in character. Thu two ai'c generally discharged and treated together. 

The refuse from wool washing is a brown, thickly turbid li(|uid, often 
covei'ed with a greasy, frot% scum, and yielding ii considerable, deposit 
of mineral matter on standing. It is strongly alkalii¥! in reaction, has a 
peculiar smell even when fresh, and soon becomes very olfensive from 
putrefaction. Analyses of such liquids are given in Table XXXI. The 
first fwo sets of samples were taken from mills whore mixed wools— 
greasy Colonial, home-bred, and skin wools—wcfo being seoiired at the 
time; the third sot of samples came from a mill where only greasy 
(Colonial wools were being scoured. 

In this refuse there are two valuable bye-products which, if recovered, 
will more than repay the cost of the purification process. The first of 
these is the potash, which may yield (sou Table XXXV.) one ton of 
carbonate of potash from 5.'),000 gallons of refuse. The ordinary process 
for recovering the potash is to pass water repeatedly through the raw 
wool until it has dissolved out a sviflicient amount of pota-ssium salts to 
make an evaporation process profitable. After this solution of potassium 
salts has been evaporated down sufficiently, it is passed into a revolving 
cylindricid incinerator (Fig. 66) and ignited, with the production of 
crude carbonate of potash. This is the process generally adopted where 
wool is scoured with soap in the usual way, but in solvent processes for 
cleansing wool, and in tl^ methods of dealing with wool suds adopted by 
Messrs Chambers and Hammond and by Mr Leach, and described later, an 
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aqueous solution of the potash salts, comparatively free from j'rease, is 
incidentally ohtiiinod, so that this preliminary soaking of the wool i^ water 
is not necessary. In practice, however, all this valnahlc potash is a'lnost 
invariably wasted and allowcal to escape down the mill drains. 

The other vahiabh' bye-product is the grease, which is idmosl invariably 
recovered by treating the wool suds with .acid and pi'essing the grease out 
of the dei*)sited sludge by the aid of heat. The hattaijc, process for its 
recovery was for a time advocated, but now seems to have been abandoned 
in this c.ouutrv. 'I’he suds were beaten up by revolving paddles so as to 
caus(' the grease to form, on the surf.-iec of the li(jidd, a froth which could 
be skimmed oil'. The grease was not thoroughly removed, and the 
etllnent was even moi’e ])olluting than that from the ordinary acid ])roce88. 

The Kivers I’ollutiou donmiission of 18fi.5, in their Third Report, deal¬ 
ing with the Rivers Aire and tlaliler, mention in some detail the pollution 
isaused by the discharge of wool-washing refuse (p. 22), and the acid method 
for the extraction of grease (p. 27). They gave their opiinon of this in the 
following words (p. 21);— 

“Oui' own KXpcncnce is not ni faxauir of the success of tins luetliod of clearing 
the water. It has not been oiir fortune to sec any instance of this process being 
carried out with the result of ‘very clear’ elHaenl. water. On the contrary, in 
the exaiujih’S winch w'c have seen, the appearance of the li(|uid has not been 
sensibly alfccU'.d by the trcatiueiit, and the water has escaped foul and objection¬ 
able. When the liquid pa.sses away foul and uucleaused we may take it for 
granted that grease is being wasted.” 

Thev ga.vc certain suggestions for the better purilicatiou of this class 
of rclusc (]). 22), and one or two of these suggestions have occasionally 
been adopted by inauufacttirei's, but until the last few years the old 
process, almost unaltered, was in nsc at the majority Af mills. The works 
erected for the recovery of the grease were frecpiently grossly neglected 
and allowed to become dilajiidated. The management was generally not 
in the hands of an em|iloyee of the luanufiu’turer, but given over to a 
grease ixtractor, whose aim it was to make a profit out of the grease 
recovered, without the least care as to the efllueiit, and in very numerous 
cases this management was so slovenly, that, as the Royal (Jommissfon 
pointed out, great iinantities of grease were wasted by being discharged 
into the streams. Samples of the etHuents from such works bear this out 
(see Table XXXI.). 

It will be noted that in the tidilo an average figure is given for the 
acidity, but some samples were found to be alkaline in reaction, and had 
to bo acidified in the laboratory before the grease could be estimated. 
Such cases clearly show cai'clessuess of management, as the grease cannot 
lie separated without making the liquid acid. In the first two instances 
the analyses show the loss of grease which may occur in this process, 40 
per cent, in one case, and 17 per cent, in the other, of the total grease 
present in the crude suds being allowed to escape in the effluent. 

The following is a dliscriptioii of one of the very best of the grease 
extraction works on the old system, with the results of treatment under 
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bags of sacking, and pressed in a stcain-liejited press, worked by hand. 
Some Hh tons of magma in tlie puddings are dealt with weekly. The 
expressed oil and acid li(pnd are separated by settlement in a small tank, 
from which the oil is skimmed off. The oil is afti^rwards purified by being 
treated with snlphnric acid, heated with steam, and again .allowed to settle 
in a tank, from the bottom of which the impure acid water is drawn off. 
Both these acid li(|nids arc passed through the final top-water \ilt(!r; they 
ought to he laui into the storage taid: with the crude suds so .as to make 
use of the acid they contain. 

The total cost of the whole plant has not been more than finfiO. Steam 
is provided by the mannf.acturer, who estimates its cost at some per 
annum. The management of the plant is in the hands of a grease extractor, 
wdio provides sulphuric acid and labour, and [lays the manufacturer a rent 
of £d0 jier annum. It will he seen, therefori', that the manufacturer gets a 
fair return on his capital outlay. 

Samples of crude refuse and of the effluents have several times heen 
taken, and analy.ses are set out in Table \.\X11. When these samples 
were taken, greasy Colonial Merino wool was heing washed, containing 
.fi'i per cent, by weight of moisture, grease, anil dirt, before washing, and 
yielding -Id per cent, of clean wool. 

(In examining the analjeses of the final effluents to the stream, it will be 
seen that they are still very impure liipiids, much worse than any sewage 
effluent wliieli would be considered satisfactory. 

Comparing these results wdth those obtained in the first two cases 
shown in Table .XXXI., it is ajiparent that* the ((uantity of grease wdiich 
escapes in this case is comparatively small. This is duo in great part to 
the better care exercised, and also to the proportionately large tank 
cajiaeity, which allows time for thorough cooling and settlement, for it is 
found that when the acid is .added to the hot suds the grease does not 
separate so completely ^is when the suds are previously cooled. 

In Table XXXllI. arc given analyses of the solids recovered at these 
works. It may he noted that the percentage of grease remaining in the 
pressed cake is very high, and, as will be described later (p. 211), a sub¬ 
sidiary trade has sprung up for the recovery of grease from such magma 
cake by a solvent process. 

Uecently severjil improvements in the working <letails of this process 
of grc.ase extraction have been brought into use, with the result that a 
much greater percentage of the grease is recovered now than formerly, 
and at the sfime time less acid is used, so that the process is more 
economical, and the effluents, although still grossly polluting in character, 
are freed from large quantities of grease wdiieh formerly escaped into the 
streams. The acid, for example, is tiow tre(juently added to the suds as 
they run into the “ seak ” tank. When a tank is nearly full its contents 
can be tested, and a little more of the acid or of the suds lulded according 
to the alkalinity or acidity. In the older plants the mixing of the acid 
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and 8uds was effected by stirring the contents of the tank with a long pole 
on the end of which a flat board was nailed. Now, in nfearly every case 
some form of mechanical stirrer is used ; either a set of mechanically 
driven paddles is fi.xod within the tank, by means of which the contents 
are agitated, or a current of air is forced through the liquid by an air 
compressor or steam injector. By the above improved methods the 
amount of acid used is often reduced 20 or 30 per cent. .Sometimes fine 
sand, clay, or flue dust is added along with the acid with a view to entang¬ 
ling the particles of grease, and causing them to settle more perfectly. 

The method of discharging the acid lujnid after the Ke])aration of the 
grease has also been iniprovisl. In the older works this was effected by 


Tatiub XXXIII. 

.SLUDGES FROM TREATMENT OF WOOL-WASHING REFUSE. 
( Iti’siiUs cxpresseil in pnrts per cent .) 
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* The figures are calculated from au analysis of the moist sludge. 


means of a series of holes in the wall of each tank, fitted with wooden 
plugs which were withdrawn one by one at the discretion of the man in 
charge of the works. Now the discharge pipe is generally fitted with an 
elbowed pipe inside the tank, which can be lowered to let off the acid water 
without letting the grease escape. Another contrivance has been brought 
into use for preventing this escape. The inner end of the discharge pipe 
is carried up inside the tank to a height just above the usual depth of 
sludge obtained, say 9 inches, and over this is placed a metal sleeve 
having numerous longitudinal slots some inch wide on the outside, hut 
narrowing to inch on the inside. Such an apparatus has been used 
for a long time to separate cream from milk, and has now been adopted 
for the above purpose by Sir James Roberts at Saltaire Mills, and is shown 
in Fig. 17. 

In dealing with the deposited grease or magma a considerable improve- 
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meat has been introduced by Mr J. Gartield at the Sewage Works of the 
Bradfoni Corporation, and is now used at several mills. The magma, instead 
of being run into filters and afterwards made into puddings, is pumped 
directly into filter jirosses such as are mentioned on p. 2G7, and are to bo 
found ill use at many sewage works, and there it is heated by steam and 
pressed so as to expel the grease and water. This does away with the 
necessity for magma filters and the labour and cost of making the puddings. 
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Kill. 17. —Ciiiitrivance for jircveiitiog tlic e9oa[>e of Grease. 


.From the results given in Tables XXXI. and XXXll. it is evident, 
however, that the proeo.ss is incapable of producing a 8ati.sfactory effluent. 

, At the best this will be a strongly acid liquor, for a considerable excess 
of acid is reipiircd to separate the grease thoroughly. It is also highly 
charged with dissolved organic matters, which are very putrcscible immedi¬ 
ately the excess of acid is neutralised. Such a liquid, acid in reaction and 
still containing considerable amounts of grease, cannot be satisfactorily 
dealt with by biological methods alone, since the acid checks bacterial 
action and the grease clogs up the filtering material. 

By using lime to neutralise the acidity and then adding a further 
quantity along with ferric sulphate to precipitate organic matters, and by 
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provision of settling tanks for the deposition of the resulting solids, a tank 
effluent can be obtained which experiments have shown can be effectively 
purified either on an adequate area of suitable land or on an ordinary 
percolating filter. Table XXXI. shows the amounts of those precipitants 
required, and Table XXXIV. the effects of their use. In the samples there 
dealt with there were still large amounts of grease present, and this 
entailed th? use of corresponding amounts of precdpitants, much greater 
than would bo necessary in dealing with the seak effluent from a well- 
managed plant. The procipihition produces a considerable (piantity of 
flocculent solids which even after twenty-four hours’ Sfidimontation form 
1(1 to 24 per cent, of the volume of licpiid treated ; but these amounts too 
would bo greatly reduced if the grease were thoroughly removed previous 
to precipitation. Kven after this reduction, however, it i.s probable that 
1000 gallons would yield something like half a ton of liquid sludge 
containing 90 per cent, moisture. This sludge is very retentive of 
moisture, and would have to be dealt with in filter presses or dried by 
some analogous method, or it might be found possible to mix it with the 
acid sludge from the seak tanks aiul thus to recover the. grease it contains. 
It might be economical to pump the precipitated liquid, without previous’ 
settlement, diree.tly into filter presses, and thus avoid the expense of 
settling tanks and the cost of working them. 

In the filtration experiments a small percolating filter was arranged in 
a "lass cylinder, 4^ inches in diameter and 10 inches deep, filled with 
clinker taken from a bed which hiid been for some years in regular use at 
sewage works. The filtering'material consisted of pieces about an inch in 
size in the lower layers, diminisliing to about | inch tfiwards the surface. 
The top 2 inches consisted of a layer of fine material of which the particles 
were between J- and of an inch. This top layer was employed with a 
view to ensuring proper distribution. Doses of 10 c.c. to .30 c.c. were 
applied at intervals, and the layer of fine materhil acted like a sponge, 
absorbing each dose for the time being and allowing the liquid to escape 
grsulually into the bo<ly of the filter, 'fhc filter, after being gradually 
accustomed to treat this refuse, was used regularly for a month 
with doses at the rate of .36 gallons per cubic yard per day, but this 
quantity was applied in eight hours, and the filter was rested sixteen 
hours. Tlu^ filtrate was collected and passed through another similarly 
constructed filter. 

Table XXXIV. shows the results obtained by this method of treatment. 
The filter effluents were all incubated for fourteen days at a temperature of 
37° C., but during this period did not show any signs of putrefaction. On 
examining the analyses it will be seen that the oxygen-absorbed and 
organic nitrogen figures are very greatly reduced by the filtration, and 
that large amounts of nitrates have been formed, in spite of the contention 
of Messrs Clark dr Ada..rs in their paper quoted on p. 65. It will be 
noted also that considerable amounts of suspended matter were found in 
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TREATMENT OF REFUSE FROM GREASE RECOVERY. 
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the effluents, but that the* effect of these in raising the oxygen-absorbed 
figures was very sliglit. They cotild be removed by suitable Imiatts tanks 
or stniining filters (see p. 268). 

The cost of this method of treatment is considerable. The cost of the 
grease recovery j)rocess may bo calculated from the instance given on 
p. 114, and, as stated there, is more than covered by the return from the 
sale of grease. From the further jirocess of treatment there is no such 
return. In the case of a mill from which 200,000 gallons of wool-washing 
refuse an' discharged weekly, the following works would be required for the 
treatment of tlu! effluent from the grease plant;—Four precipitation 
tanks, each of 10,000 gallons capacity, whicli might be made of wood, and 
with foundatiotis, valves, and llttings, could he constructed for £400. A 
percolating filter 600 scpiari' yards in area, 6 feet deep, whieh, with 
foundations and fittings, would cost, say, £r>00 to £600. A second filtra¬ 
tion might not he nec('ssary, but it would be advisable to have a final 
settling tank of 4000 gallons capacity, the cost of which wonhl be small. 
If it were found impracticable to press the sludge along with the magma 
or sludge from the seak tanks, a sludge-])ressing plant to deal with 20 tons 
of wet sludge pe.r day wouhl be recpiired, and this wmdd cost altogether 
some £4.')0. The whole outlay would thus be approximately £1400. 

The working cost, taking precipitants at (id. per 1000 gallons, would 
be £260 a year for chemicals ; for sludge pressing, including the ])ower, 
lime, cloths, labour, and rejjairs, at the rate of 2s. jier ton of press-cake, 
which is more than the I'ate per ton at the Leeds Sewage Works (see 
City of Leeds Sewerage Committee, Annual Hejiort, 1911), the cost would 
be £i:!() a year; and there would be over 1000 tons* of pressed cake per 
annum to be disixisod of, but this should have a sale for the extraction of 
the n'.sidiial grease by means of a .solvent, or for use as a manure. Very 
little labour would be required exc('pt in d(!aling with tin' sludge. The 
total outlay for the ti'catment of the effluent from the grease plant would 
tlieretorc be something like £1400, which at 10 per cent, for interest and 
depreciation would amount to £140 ]>er annum, while the cost of chemicals, 
sludge pressing, etc., would be about £390 per annum, making a total 
annual cost of .£530. This would make the total cost of treatment, 
including everything except the price of the site required, 12d. per 1000 
gallons, of which 9d. would represent the working cost. Against this must 
be placed the profit from the previous process of gi'case recovery and the 
value of the sludge cake. 

In place of the method suggested above for the recovery of grease by 
acidification and further precipitation of the resulting effluent, it is possible 
to have only one precipitation process by using an iron salt to bring down 
together both the grease and the organic matters in the refuse. The 
resulting sludge can be afterwards acidified to release the fatty matters, 
when pressing with heat will yield liquid grease and a solution of the iron 
salts, and these, containing about 70 per cent, of the quantity originally 
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added, can be used ajjain for precipitation. Such a process has in fact 
been ill use for some time at Messrs Kelsall <t Kemp’s mills at Norden 
near Rochdale for dealiuj; with piece scouring refuse (see Tatton, Proc. 
Jnst. Civil Evty., 1900, vol. 140, p. 4). It doe.s away with the need of 
settling tanks for precipitation of the grease plant effluent. 

The Royal Commission of 1868 (Third Report, p. 29) suggested that 
such liquids as wool suds might bo evaporated without undue cost, and an 
evaptiration process which has been patented by Mr Walter boaeli and 
Messrs John Smith & Sons, of Bradford, is probably the most perfect 
method of dealing with these liquids. The ap])aratus employed consists 
of a Yaryan evapoKitor, a centrifugal separatoi', and a cylindrical revolving 
incinerator. The wool suds are taken fresh as they are discharged from 
the washing bowls and passed through settling tanks to get rid of the bulk 
of the sand and mud. These Banks are three, in number and have a total 
capacity equal to one and a half days’ flow of the suds, and two are in use 
at one time, the third being out of use for cleansing pur|)Os(!s. The suds 
after this removal of Siind are treated in a patent 'i'aryan ev.aporator, 
made by the Mirrlees, Watson it Yaryan Company, Ltd., Scotland Street 
Ironworks, Clasgow. This has been used very extensively for the con¬ 
centration of dilute liquids, for instamse, in sugar refining and in the 
manufacture of wood extracts ; it has also been used for the distillation 
of water, as, for instance, at the port of Aden, where di'inking water is 
distilled from sea water; and the plant serves both these purposes in the 
process of Messrs Smith & Leach. The evafrorator itself is described in 
Chapter XI. 

The suds are th'us concentrated to or of their original bulk, 
while 80 per cent, of the evaporated water is recovered, both liquids 
issuing from the apparatus at a temperature of some 46° C. to 49° 0. In 
the crude untreated suds the grease exists in the form of an emulsion 
from which it cannot be separated by centrifugal action, but by this 
concentration the specific gravity of the watery part is increased to such 
an extent as to make separation possible. The concentrated liquid, there¬ 
fore, after being heated again to nearly boiling point, is further treated in 
a centrifugal separator, somcwdiat on the lines of a cream separator, where 
the rapid motion separates it into .an outer layer of sand and mud, a 
middle layer of soapy watery liquid containing all the potash of the wool 
and an inner layer consisting almost entirely of wool grease. 

The sand and mud adhere to the separator and arc removed from time 
to time by hand as refuse, and by an ingenious contrivance the soapy 
potash liquor and the wool gi’ease arc caught up separately and conveyed to 
separate receptacles. The wool grease is purified by warming it up with 
water and allowing it to separate out again by cooling. The soapy potash 
liquor is further condensed in the Yaryan evaporator till it loses three- 
quarters of its bulk, when it is passed through^ a revolving cylindrical 
incinerator, such as is shown in Fig. 66 on p, 282, in which it is burned 
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to get rid of the water and organic matter, and from which it issnes as 
crude carbonate of potash. * 

The Buds are thus totally got rid of, and in their place there remain— 

1. Distilled water; 

2. Wool grease; 

t 3. Oriide carbonari! of potash ; and 

4. The san<l and mud. 

The distilled water is not perfectly pure, but contains a minute per¬ 
centage of ammonia and a trace of grease, wliieb liave come over in the 
process of evaiioratiou, but it is very valuable for use in the washing bowls. 
As much as 1.5 to 30 per cent, less soap is recpiircd when it is used instead 
of tow'ii’s water, and it is recovered at the temperature reipiired for wool 
washing. 

The wool grease is much more valuable than the ordinary black grease 
recovered by the usual suli)hurie-aci(l process, inasmuch as it is recovered 
from the fresh suds before they have undergone decomposition, and is 
quite free from mineral acid, none having been used in the process. It is 
free, moreover, from fatty a(!ids, and can thus be used without further 
purification as a lubriiant or for any of the other purposes for which the 
black grease, when ])urifiod, is used. As a m.atter of fact the price 
obtained for it lias been nearly double the market price of black grease, 
and it has been found very useful as a lubricant in presence of water and 
at temperatures up to 38" (1.^ 

The carbonate of potash contains from .50 to 70 per cent, of pure 
carbonate, depending upon the mud and s,and present, and can either 
be used in its crude state for washing other wool, or can be sold for 
purification. 

The sand and mud possess little manurial value, but could be used with 
advantage on some soils for agricultural purposes. 

There arc two important incidental advantages in this process of 
dealing with wool suds. The suds are dealt with in a fresh state so that 
the whole process can easily be carried on without causing any nuisance, 
such as frequently arises from the careless management of ordinary seak 
tanks, and the whole apparatus occupies comparatively little room. 

From the foregoing brief description it will be gathered that the 
method is one that, for the treatment of wool suds, docs away with the 
necessity of discharging any liquid either into the streams or into the 
sewers, and yields several valuable bye-products, and the chief jxiint to 
be inquired into is whether it can be carried out at a reasonable cost. 
The results of investigation upon this head are very satisfactory when greasy 
wools are being dealt with. 

At Field Head Mills,^Bradford, a plant dealing with the suds there 
produced was worked for several years, but was abandoned owing to 
changes in the class of wool washed. 
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The suds came trail two sets of wash howls, each sot discharging 
600 gaVons an hour for ten hours a day, giving a total of 1200 gallons an 
hour or 12,000 gallons a day. The .apparatus, iiichuliug the Yaryan 
evaporator, two centrifugal separators, the incinerator, the boiler and 
furnace, and the necessary tanks and puni])s, was, however, capable of 
dealing with double this amount. The sjiace reejuired for the whole 
apparatus, exclusive of the boiler and furnaee and the sot of preliminary 
settling tanks, was 48 feet by 24 feet floor space, by 40 feet in height, but 
the height could be reduced were more floor space available. 

The coat of the plant was somewhat large, amounting to iltoOO in all, 
including a special boiler, and the working cost was considerable both in 
coals and labour, as two men were reipiircd to attend to the apparatus and 
another man to .act as fireman in the boiler house, where there was a 
special boiler, and the coals eonsmned in the boiler furnace and in the 
incinerator amounted to about 20 tons per week. On the other hand, the 
value of tin' bye-products recovered was very great. In .lune 1909 
Mr Walter Leach furnished the Ibiyal Ooinmission on Sewage Disposal 
(Seventh Report, vol. fl, ]>. 102) with the statement given in Table XXXV., 
showing the residts of a test of this apjiaratus and the capabilities of the 
plant. 

In view of the groat initial cost of the apjiaratus, it would be advisable 
in many cases that neighbouring manufacturers should combine in the 
erection of a central jilant, to which their wool suds could be piped. A 
short consideration will show that the ajijilication of this method must bo 
greatly restricted by the cost, and that, in fact, the process is only ajiplic- 
able in cases where valuable bye-jiroducts can be recovered. The Yaryan 
evaporator reijuires 1 lb. of coal for every 40 lbs. of water evajiorated, includ¬ 
ing the 8 lbs. evajiorated in the boiler. This, with coal at 1 Os. a ton, works 
out to l.'Ud. for coal alone for every 1000 gallons evajiorated. In fact, 
the Yaryan Comjiany only claim to jiroduee distilled water at 2s. per 
1000 gallons, taking into account the cost of the apjiaratus and the 
labour, as well as the coal used. 

The process does not seem ajiplicable, therefore, to the treatment of 
suds from the washing of previously scoured or skin wools or of mohair or 
alpaca, seeing that in these there are neither wool grease nor jiotash in 
quantities worth recovering. Unfortunately for the general adojition of 
this jirocoss, wool is combed on commission in most of the large wool- 
combing establishments—that is, it is sent in by manufacturers to be 
prepared for their use, and the difl'ercut kinds of wool are mixed before 
being combed, so that it is difficult to know beforehand how much grease 
and potash will bo recoverable. The samples given, however, in Table 
XXXI., taken from three different works, show that, generally speaking, 
there is quite sufficient of these bye-products present to make the process 
profitable. 

A new process for the recovery of grease and jintash from wool suds 
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has recently been patented (No. 7214, 1912) by Messrs Chambers & 
Hammond, and works on this system have recently boon constructed. 
The larfjcst item of expenditure in the ordinary acid method is the cost 
of the sulphuric acid necessary, and these {'cntloinen have discovered that 
by passinf; flue gases from the mill chimney through the wool suds the 
carbonic acid jiresent is sufficiently powerful to crack the suds and 
separate the fatty acids. These can bo removed by settlement of the 
liquid, leaving an aqueous solution of potassium carbonate, which, as 
already siiggcsted, can be recovered by evaporation and incineration. 
The flue gases contain some sulphuric and sulphurous acids in addition 
to the carbonic acid, .and these stronger acids must be removed by a 
scrubbing process if it is intended to recover potash from the suds. 

The extraction of the grease from the raw wool by means of solvents 
has often been advocated, but has not yet come much into ns(!. At 
Arlington Mills, in Lawrence, Massachusetts, and at the wool-combing 
establishment of Le Sohaait llelge (.Sociihi' Anonyme) in Verviers, Belgium, 
the wool in its raw state is treated in an iron i'eec|)tacle with cold 
petroleum benzine. This dissolves ont the grease, and, after being 
repeatedly used, is run oft’ to bo distilled for the s(!paration of the benzine 
and the grease. The benzine remaining in th(‘ wool is driven out by a 
stream of warm carbon dioxide, and is also recovered by condensation, 
the carbon dioxide being returned for re-use. 

At Fieldbead Mills, Bradford, a similar process, but in a difrerent form 
of apparatus, was for a time adopted by Messrs .lohn Smith A Sons, Ltd. 
The plant was somewhat costly and its use was not free from danger of 
explosion ; it has, in fact, been thrown out of use probably for these 
two reasons. The loss of the soh'cnt was said to be about 1 gallon per 
100 lbs. of wool treated. 

Another solvent process, in which bisulphide of carbon was used, was 
employed for some time by Messrs Isaac Holden A Sons at their Alston 
Works, Bradford, but after two accidents was abandoned on account of 
the danger. 

A new app.iratus for degreasing wool, by means of which the jiotash 
c.an also be recovered, bids fair to revolutionise the wool-washing process. 
This is the degreasing plant of Smith’s Patent Vacuum Machine Co., Ltd., 
Dewsbury, which is shown in Figs. 17 a and 17 b. 

The grease is first dissolved out of the wool by means of petroleum 
naphtha under diminishoil pressure, the naphtha being recovered by distilla¬ 
tion, and the potash is afterwards extracted in the same machine by means 
of water, the aqueous solution being concentrated and incinerated. The 
grease and potash having thus been extracted from the wool, the completion 
of the cleansing operation is quite easy, and yields only a small amount 
of refuse. 

The machine is very similar to one of the ordinary centrifugal driers 
found so commonly in woollen mills, but the central axis is set horizontally 
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I'lo. 17a.— Smith’s Patent Vaenrnn Degreashi? Machine. 
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instead of vertically. There is an inner perforated basket divided by radial 
partitions into four compartments, into which the raw wool is fed. *^ThiB is 
enclosed in an air-tifjht casing, in which a vacuum can bo produced. The 
charge of wool having boon introduced into the macihino, a vacuum is produced 
by means of the vacuum pump shown in Fig. 17 a. A sutlicient amount of 
naphtliii is introduced from an overhead storage lank, .and by suitable 
gearing the ceutriil basket is made to revolve slowly, first in one direction 
and then in the other, dipping at each revolution into the naphtha at the 
bottom of the machine. The naphtha is thus made to permeate the wool 
thoroughly, and in a few minutes dissolves out the whole of the grease 
When this is accomplished the naphtha is run off into a greasy spirit tank. 
Hy a clever arrangement of the gearing a much more rapid motion (500-600 
revolutions per minute) is then given to the central basket, so that by 
centrifugal force most of the remainder of the naphtha is driven out of the 
wool, leaving behind an amount ocpral to some 5 per cent, of the weight 
of the charge of wool. Provision is made tor driving off even this remain¬ 
ing naphtha by means of a current of warm air or other suitable gas, and 
recovering it by comlcusation. 

For tlu^ recovery of the potash a vacuum is again prodmied in the 
machine, a suHicieut amount of water is introduced, and the operation is 
repeated as before, yielding a strong solution of potash, which is let off 
into a potash li(juor taid?. After this c.vtraotion of the potash the wool is 
drie<l by the centrifugal motion, and, if necessary, by the intriKlnction of a 
current of warm .air, and is then removed from the machine. 

In the degreasing part of tiu! process the naphtha, which is drawn from 
the .ap])aratus by the vacuum pump, is passed througfi a cooler and v.apour 
iib.sorber, where most of it condenses, and is retuniod for re-use. The 
groasy spirit is drawn by the vaciuun pump into a still, where the naphtha 
is evaporated under diminished pressure, to be also caught by a condenser 
and returned tor re-use, while the grease remaining after the evaporation is 
run off into suitable stoi'age tanks. 

.Since no water is used in the degreasing process, and the water used 
in the potash recovery must be wholly evaporated, there is no liquid 
refuse, except the distillate from the evaporation process, to be dealt 
with, liy paB.sing the wool through this apparatus it is freed from 
grease and from potash, and, incidenbilly, from sand and other impuri¬ 
ties which have been sot free by the extraction of the grease and 
carried away by the naphtha and the water. To cleanse it completely, 
therefore, it is only necessary to rinse it in a small quantity of water, 
yielding a refuse of slight impurity compared to ordin.ary wool-washing 
suds, and easily purified or otherwise disposed of. 

The plant shown in Fig. 17n is capable of dealing with 700 to 1500 lbs. 
of wool at each charge, j The loss of spirit amounts to about 5 per cent, of 
the weight of wool treated, and this loss can be further reduced by the 
warm air treatment. 
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On the other hand, the advantages claimed for the process are many, 
irresiKicuve of the avoidance of the grossly polluting discharge from the 
ordinary wool-washing process. 

1. All the grease and all the potash are recovered. 

2. The material is left in a better condition than when washed in 

the ordinary way, no alkalies having been used. 

3. Tlnu’e is no waste of w(k)1 fibre. 

■1. The ojteration being conducted under diminished |)ressure, the 
risk of e.xjdosion is reduced to a minimum. 

It has usually been objected to the use of a solvent for degreas¬ 
ing wool thivt too much grease is extracted, leaving the wool in a dry, 
harsh condition, so that it “Hies” when passing thmugh the carding 
machines. In this apparatus, however, by mixing greasy naphtha 
with the pure spirit us(fd any desire<l pereeutag(^ of grease can be 
left in the wool. 

Uidike the Smith-Leach ju'oeess, this newer method is not only applic¬ 
able to the cleansing of greasy wools, but can be used for othei's as well, 
although not then so proHtably. It can also be used for removing the 
grcjise from 3 ’arna and pieces, or for dry-cleaning garments, for which 
purpose indeed it was originally invented. There seems no reason why it 
should not be .slightly modified, .and used for extracting the gre.ase from 
magma cake, cotton waste, and bones. 

(Ireasy wools, after ti’catmenf by any solvent |iroooss, still contain 
many impurities, consisting largely of valuable potash salts. Tho.se 
can 1)0 all washed out by w.ater without the use of soap, and from 
this water the potish salts can be easily recovered as described on the 
preceding page. 

It may bo concluded from the iibove t hat, if the ordimiry method of 
cleansing wool is adhered to, the I'esulting suds can be pm-ified partly by 
chemical and partly by biological methods so as to produce an effluent fit 
to be discharged to a stream, while the recovered grease and jiolash will 
go far towards paying for the cost incurred. On the other hand, methods 
of cleansing wool are available from which there need be very little dis¬ 
charge of liijuid refuse, and that little of a nature which renders it easy 
to purify. 

Silk Boiling.—Itaw silk, as it is received by the luauiifacturor, is 
yellowish-grey or dull white in colour and rough to the touch, very 
different to the smooth and lustrous manufactured article. This is due 
in great part to the sericine or silk gum with which the fibres are coated 
as they leave the silkworm. Much of the silk reaches this country in 
hanks which have been reeled from the cocoons, but there is also a large 
amount in the form of comjiressed bales of waste silk, and of cocoons, more 
or less damaged in the reeling and still for the ipost part containing the 
dead silkworm. These cocoons are carded and spun very much in the 
same way as wool, and to facilitate these operations the sericine and other 
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impurities must be removed from the fil>re. Wlion tiie silk is to be dyed 
the sericine must bo partially or wholly removed from it whether it is in 
hanks or in eoeoons. 

The treatment adopted for removing these impurities is to boil the 
silk in a soap solution. This proee.ss is repeated once or twice with fresh 
soap solutions, and finally the mateifal is boiled in a weaker solution, 
rinsed in tepid water, rendered slightly alkaline by the a<ldition of sodium 
carbonate, in order to pi'event the precipitation of lime soap on the fibre, 
and washed off in cold water, lisually the soajiv water which comes from 
th(«e final processiis is used to make up the first tub. 

The whole of the, refuse discharged from a silk mill is therefore from 
the silk boiling, and a very foul liquid it is, even more polluting than wool- 
washing siuls. It is a thick, brown, soajiy liipiid, often almost of a jelly- 
like consistence, and shaking produces in it a marked satiny appearance. 
It contuius the soap which has been used in boiling, the sericine and 
colouring matter which have been extracted from the raw silk, and, where 
the cocoons have been boiled, many of the chrysalides and much organic 
matter which has been boiled out of them. It has a peculiar offensive 
odour even when fresh, and soon becomes putrid, when it has the very 
offensive smell of rotten [lig manure. 

In boiling silk waste about 220 gallons of water and 25 to 25 lbs. of soap 
arc used for every 100 lbs. of silk, and occasionally a little soda is also used, 
and these, with the substances extracted from the silk, produce a liipiid 
which is vastly more jiolluting than any ordinary domestic sewage (see 
Table .KXX VI.'). 

The treatment of a liijuid (if this kind is ipiit» a simple matter, 
although not inex])ensive. By the use of a precipitant such as alumino- 
ferric or ferric chloride, and by settlement of the precipitated solids in 
tanks, a tank effluent can be obtained ])ractically free from soap and sericine, 
and in a condition suitable for purification on larnd, or on a biological 
filter such as is described in (Uiajiter XI. (p. 2G!)). 

In Tabh' .XX.XVl. are set out the results of treatment by precipitation 
in settling tanks, followed by passing the tank effluent through simple 
straining filters. In this method of treatment a considerable difficulty 
arises in dealing with the sludge pr-oduced ; the sericine, like the wool fat 
in wool suds, forms an emulsion with the water, and the sludge is somewhat 
difficult to dry. If acidified and pressed with the aid of heat, it docs not 
yield up its grease readily, so that it is doubtful whether it would he an 
economical process to attempt the extraction of the grease. By running 
the sludge, however, on to an adeipiato area of such sludge filters as are 
doBcribed on p. 2(i 1, it can be sufficiently dried to be easily removed by 
sparle and carted away. Thi' dried sludge mi.xed with farmyard manure 
is very useful for agricultural purjioses. 

As the rofuHO is highly^concentratcd by the re-use of the weaker waters 
in the manner described, the amount of preciiiitant necessary is con- 
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siderablo. Tii some experiments it was found that from 300 to 500 
parts of alnmino-ferric or ferric sulphate were necess,ary to precipitate 
100,000 parts of the rofuso, and that after separation of the resulting 
sludge the liipiid had an oxygen-ahsorhed figure cipuil to 40 per cent, 
of that in the original liijuid. On applying the precipitjited and settled 
liipiid to;i small percolating filter, such as has hcen deserihed on p. 117, at 
the rate of 2T gallons per cube yard per day, during eight hours each day, 
a further purification of 80 per cent., judged on the oxygeii-ahsorhed 
figure of the liipiid applied to tlio filter, could he effected, making a total 
purification of 92 per cent. 

Mr H. W. Oddy, F.l.O., of llochdale, has treated tfiis class of refuse by 
passing chlorine through it. This partially oxidised the refuse, with the 
formation of hydrochloric acid, which oomhiiicd with the soda of the soap 
present and sepaiuted the fats. Tlicse were filtered off and hoiled up with 
soda or potash into soap for re-use in the mill. Tlic liipiid, after the 
separation of the fats, was further |mrilied by filtration. 

This refuse is not in all cases to be regarded as a waste material, for 
in a silk mill to w liich a dyehouse is attached it is generally used up by 
.adding it to th(> dye baths with the object of causing the colours to dye 
level. In one case in the West Hiding of Yorkshire, where silks are dyed 
and silk-boiling refuse is used in this mariner, the sludge recovered from 
the dyewaters is |)ressed in a sludge filter press by the aid of heat 
(see p. IIG), and the grease thus recovered is made into soap which is used 
on the premises. 


For HMiogmphy nee end of Chapter IXf 
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THE TEXTILE TIIADES— coiUinued. 

Uyoing - Cli:ui^'i'(l mi'Llmils iliiriii” til'ty yoar.s—Ex.'Uiiitli's of jmriticiitiou works— 
Sfttiiiio t.liiks—^Wailr’s jippaiMtub—MackryV )L])paratus—lioll’s patent filters 
— Watson’s plant—Aielilmlt-Ueeli'V system — Jniligo Hyein;t — Sulpliido. black 
dyeing;—Snniniart I’nntin^t—Stiironintt ami loadiiif;—(larbomsino and stripjanj; 
—Mereensilip. 

Dyeing. 'J'liis jirocnss, nIUioiioli applnnl tn almost, all kiinls of tiwtilo 
materials in every stage of their maiiiifat'tiire, yields refuse which does not 
vary greatly with the nattire cd' the iiiateiial, and wliich is therefore in all 
eases amenahle to similar methods of jmritieatioii. The metlnnls of dyeing 
ill use are almost inmniierahle and are constantly changing ; they have, in 
fact, been revolutionised since they were reported n))on by the Iloyal (lom- 
missiuns of Idlio and IMOd (see IddD (louimission, Third Report, p. 2!1; 
18(18 (.'omndssion. Third Reiiort, p. 18). 

At that time the dyeing materials chiefly in use were ditt'erent kinds of 
woods, which were for the most part e.xLraeied in the dye baths themselves. 
As mordants fol h.xing these dyes, ferrous sulphate, alum, argol, and 
biehroniate of potash were generally used, and were added to the dyo 
liipior in the vat, whore they precipitat,ed the colouring inaltei' within the 
fibres of the material being dyed. This process was an extremely wasteful 
one, for miieli of tiio colouring matter was preeijiitated in the liipiid 
contents of the vat, where it had little eft'eet upon the lihre, and was 
afterwards discharged as refuse. It also gave rise to gross ahiise of the 
streams, for both Oommissious repeatedly referred to the large quantities 
of spent woikIs discharged to tlie streams and to the pollution of the 
water and ohstriietion of the flow thus caused. The ett'eet produced on 
the rivers, of the West Hiding of Vorksliire they siniimed ii}) by stating 
that with very few exceptions these streams ran with a liquid whieli had 
more the appearance of ink than of water. The 1865 CouiiiHssiou, in their 
Third IteiKirt (p. 24), stated tliat very few attempts had been made to 
cleanse dyewater. 

At the present day the use of wiaids as a source of colouring matter 
is ra])idly ileereasiiig. Where they are still used the eolonriiig matter is 
usually extracted from them by a special mani^faetiirer, who sells the extract 
to the dyer, and who can easily provide himself with facilities for burning 
or otherwiso getting rid of the s))ent woods. In many eases these are dried 
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in a centrifugal machine, inix(!d with fuel, and burnt in the boiler furnaces. 
But for the most part modern colouring matters consist of dori'.iuves of 
coal tar, obtained by processes based upon the discoveries of Perkin in the 
middle of last ceulnry. Tbese dyes are extremely soluble an<l highly con¬ 
centrated, so that the dyer now buys them by the pound, whereas ho fonnerly 
bought (Jyewoods by the ton. They are, mox'eover, five from impurities, so 
that when a dye vat is partially exhausted of colouring matter it need not be 
discharged, but can be made up afresh by the addithai of further (piantities 
of dye. Improved machinery h.as also greatly lessened the polluting dis¬ 
charges and the waste of colouring matter. In such machines as those of 
Obermaier and Drczi' the contents of the dye vat .are circulated lepeatedly 
through the materials being dyed, until nearly the whole of tlu^ colouring 
matter is exhausted, and the volume of dye lupior used in these machines 
may only amount to one-tenth of that required in an ordinary dye x'at. 
The exhaustion of the colouring uxiitti'r is also sometimes achieved by 
extracting it with a new batch of goods, which is afterwards finished otV in 
a freshly made up vat. * 

Notwithstanding .all these improvements the discharges from every 
dyehouse .are still .at times of a polluting chai-acter. When it is necessary 
to change to another colour a fresh vat must be pnqiarial, and the contents 
of tb it in use are usually discharged ; mordanting materials are also still 
used, and the vats in which they arc contained arc let oil' from time to 
time; the old proce.ss of dyeing with wood or extracts with the aid of 
an iron mordant is still employed, especially' for cotton goods and in “burl 
dyeing” or the colouring of vc%etablo fibres in woollen goisls ; the coolings 
and rinsings of the goods as they are withdrawn friTm the vats often 
contain considerable amounts of suspended matter ; w hile in all dyehouses 
some ipiaiitity of soapy liquid or of soap bark or fuller’s earth is used at 
times for cleansing purposes ; the various dye liquors, moreover, are often 
highly coloured and strongly acid, and practically^ al ways contain some 
fibres wdiich have been washed otf the gomls. It will thus be seen that 
even in the case of the most modern dyehouses polluting discharges have 
to be dealt with, whilst there are still a considerable number of dyehouses, 
especially the smaller, where the old and more ])ollutiug proeexsaes of 
dyeing arc still in use. 

It would be difficult, an<l for tbc present purpose it is unnocossai-y, 
to lixplain in detail the various processes employed in a dyehouse. To 
describe the process gonei'ally, it may bo said that the goods, which must 
previously have been cleansed, and especially frewl from all greasy matter, 
are soiiked or boilal in the dye vats, and often either before or sifter this 
aro passed through a solution of mordant to fix the colouring matter. 
They aro then usually thoroughly washed with large volumes of clean 
water to cool them after boiling, and to remove the excess of dye. In 
some cases this final cleansing is assisted by the use of soap, soap bark, or 
fuller’s earth. 
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Although the refuse varies considerahly in various places, it is always, 
as has* hccn said, aimmabh! to tlie same kind of treatment, that usually 
adoptwl taking the form of screening and settlement, with or without 
chemical precipitation, followisl by filtration. 

In many dyehouses, and especially in those dealing with heavy woollen 
goods. Large amounts of loose fibre escape in tlu! waste dyewaters, jiiid it is 
important that before .any attemj>t is made at furthei’ puriKeation those 
should be thoroughly removed by screening apparatus, such as is described 
on p. ’idO. These libres have a eonsiderabh' market value, which in vei'y 
many <!ases umiily re|)ays the cost of any screening a])paratus. If they 
are not nanoved they add greatly to the amount of sludge which may bo 
doposite<l in any settling tanks and in otiier ways increase the ditticulties 
of purification, for example, by forming a felted coating on the surface of 
the tillers. 

The means adojded for the further treatment of waste <lye liipiids vary 
greatly in the methods of a<lding ju'ecipitanl, the kind of settling tank 
cmploved, and in the form of filter used, and thesis variatmns can best be 
illustrated by describing a few works actually in use, au<l setting out the 
analyses of the various kinds of refuse and of the effluents )>roduced. 

Ordiniiry Sdl/niJ/ Tanh .—As an e.xamjde of the simplest form of 
settling tanks applied to the treatment of dyewaters those shown in Fig. 
18 may bi' taken. They consist, of a series of seven settling tanks, which 
were originally followed by two cinder tillers, but, .as it was found in 
practice that the tank I'filuenl was little improved by passing through the 
filters, these were converted into two additiiAial settling taidis, thus giving 
a totid capacity oF.bCjOOO gallons. The infuse here dealt with amounts to 
•10,000 gallons per day and comes from the dyeing and tinishing of cotton 
cords, and usually contains suspended matters in amounts \arying from 
10 to 20 parts per 100,000. After siniiile settlement in the tanks, the 
suspended matters art* so effectually removed that the otlluents have never 
been found to contain more than 3 parts per 100,000. At somewhat 
varying intervals the tanks arc run oil' to the sludge filter, wdiere the 
water percolates away and the sludge is left to dry. Fight tons of air- 
dried sludge are removed from the works per aniiuih. 

The total cost of these works was £400, and the only working costs 
are those entailed by the cleansing of the tanks and the removal of the 
sludge, which together amount to £f> per annum. 

Waitds Appnratiii ..— Since the need of an apparatus for the treatment 
of trade effluents on a limited site has made itself felt, nut only have new 
forms of appratus been devised, but various methods originally intended 
for the purification or softening of water have been brought into use. 
Stich an apparatus, patented (No. 11,3G6, 1901) by Thomas Waite, 
3 Hillside Itoad Works, Bradford, has been found very useful in purify¬ 
ing dyewaters in cases where the available site for purification works is 
limited in area. The following description, presented as a report to the 
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West Riding Rivorn Board in 1908, gives full details of a plant f'f this 
kind erected at Weusleydale Mills, Biitloy, in 1904. The plant is no 
longer in oper.atioii there, where aiiotlier class of tradt! is now carried on, 
but it has been ])iirehasod by another manufacturer and removed to his 
premises tor the purification of the refuse from his dyehouso, the effluent 
being re-nscd as it was at Weusleydale Mills. Sinc(! th(! date of'this 
report Mr Waite has erected several works of the siune kind with equally 
successful results. 

The accompanying diagram (Fig. 19) shows the principhi of the working 
of the apparatus, altliough it does not represent the works actually erected 
at Weusleydale Mills. The ap])aratus as there shown consists of three 
vertical iron towers. The water to be purified is p\nn])od up to the top 
of the towers on to a small water-wheel B, which drives a very simple 
apparatus (1, for adding eliemical prcci|)itants in proper ipiantity, a 
stirring ajiptiralns in the top of tins first tower for mixing the chemicals 
with the water, and gearing IIK for automatically discharging sludge 
from the towers. The water after the addition of the precipitanls piisses 
down the first tower ami out by a side opening one or two feet from the 
bottom into the second tower near the bottom ; in this tower it rises to 
the top, depositing suspended solids as it rises, and passing through a 
filter of svood shavings at the top of the tower. The water is allowed to 
overflow from the to]) of the second tower down !i ])ipe which delivers it 
into the thii'd tower near the bottom, from which ])oint it rises through 
the third tower and agiun is,filtered through .a hiyer of wood shavings. 
The overflow from the top of the third tower is conveyed away by a 
channel to a storage eistei'ii from which it is delivered for use. 

So far then the jiroeess is one of the precipitation of the impurities 
by chemicals anil their separation from the liijuid during an ujiward flow, 
a separation which is assisted to some extent by ^the filtration through 
wood shavings. The advant,agos of such a form of apparatus are that, 
including the height of the three lowers, a great dejith of settling tank 
is provided, and during the progress of the water through the second and 
third towers the rate of flow is very greatly reduced, and these two 
features give the suspended solids ample ojijtortunity of subsiding. 

The other sjiecial features of the apparatus are the method of adding 
the precipitant and the method of getting rid of the sludge separated 
from the water. Siifticicnt precipitant in solution is added daily in tanks, 
D, E, F, at the top of the towers, to deal with the day’s flow of water, 
and the tanks are throe in number, so that three different ])recipilants in 
different proportions can be added. In the first tank milk of lime is 
placed, in the second alumino-ferric, and in the third carbonate of soda. 
The water-wheel B drives three subsidiary wheels (1, 0, (1, which revolve 
in the tanks of precipitant. On the rims of these wheels little buckets 
are fixed, which as the wheels revolve dniw up a certain quantity of the 
precipitant from each tank and empty it into a channel which carries it 
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into tlje pipe conveying the water to the top of the first tower. Provision 
is made for adding the lime and mixing it with the water before the other 
prccipitanls aie added. The .speed at whicli tliese hiicket-carrying wlieels 
revolve depends npiai the rate at which the water is pumped, and thus 
the (piantitv of precipitant added varies directly with the (piantity of 
water passes! through the apparatus. 

The .ap])aratus for discharging the sludge is oiinally automatic. At 
the bottom of e.'ich tower at K there is a valve governed by a long rod 
which is connected by gearitig with tlu; water-wheel at the top ol' the 
tower. By a simple contrivance these valves can he, set to open at fixed 
intervals of a i|nartcr of an hour, an hour, or longer, as may be. re(|uired, 
the rate of opening being again dependent upon tin; rai)i<lity with wliich 
the water is being passed through the plant. 'J’he valves when opened 
only discharge a few gallons of licpiid sludge and then are automatically 
closed. 'I'he sludge is received on sludge filters, the water draining from 
which is run back into the ]mm]) well and again passed through the 
apparatus. The sludge from which the waiter has drained, when 
sufficiently dry, is removed by spading from tbe surface of the filters. 

The apjiaratus is thus as nearly automatic as possible. The small 
tanks ecaitaining the preiapitant are filled up daily, the pum|)s set at 
work, and as long as the g'caring is in good condition the apparatus needs 
no further attention, beyond the periodical cleansing of the sludg(‘ filters. 

The apjiaratus erected at Wensleydale Mills is almost exactly on 
these lines (see h’igs. L’l) and L’l). It was intended to deal with iiOOO 
gallons of refuse per hour, but has been at times dealing with about 
50,000 gallons jier day of ten hours. The average amount dealt with 
may be taken as a.hout .‘10,000 gallons a day. The refuse runs into a 
sump well li3 feet by 1.3 feet by 15 feet deoj), or 3(1,000 gallons in eaiiaeity. 
From this the refuse i,s pumped a height of 45 feet to the water-wheel at 
the top of the plant, from which it passes down the first or mixing tower, 
where it has the chemicals added to it. This tower is .'10 feet in height 
and has a diameter of 3 feet and a capacity of some 1300 gallons. The 
liquid as it escapes from the bottom of the mixing tower is passed into 
the largest’settling tower near the bottom. This tower is 30 feet in 
height and 8 feet in diameter, with a capacity of some 0400 gallons. 
The liquid rises through this tower and, overflowing at the to]), is conducted 
hy’pipes into the bottoms of the remaining two towers, which are each 
7 feet in diameter, 30 feet in height, and 7200 gallons in capacity. At 
the toj) of these final towers there is a layer of wood shavings through 
whieh the liquid is strained and the final effluent escajies. The total 
capacity of the four towers therefore is 25,000 gallons, and the rate of 
upwardtflow in the second or largest tower when 3000 gallons jier hour 
are passing is about 2 inches per minute, while in the final towers it is 
about 1J inches per minute. 

The sludge tiltein provided are six in number, each 9 feet by 8 feet. 
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They are composed of l)rokon stone with furnace clinker on the surface, 
and arc 10 inches in depth. Tliey are protected from rain by a light 
roof. The effluent from the uuderdrains is received into the sump and 
circulates again with the refuse waters for treatment. The sludge is 
aulom.'itically discharged from the towers as described above, from the 
first tower at intervals of some three and a lialf minutes, and from the 
final towers every ten minuUts. The (piantity at each discharge is about 
1 or 2 gallons, and the sludge contains a very great deal of moisture. 
(See analyses in Table XXXVIIh). Each sludge filter is used for about 
three days, when it contains some 12 inches of sludge. It takes usually 
about seven days, depending on the weather, for this sludge to dry 
sufficiently to he removed by spade, when it is thrown out on the ground 
alongsidf', allowed to dry there still further, .and finally carted away to 
the cindei' tip. The amount thus carted away is appro.ximately 10 tons 
in a month. 

The total area occupied by the plant is 16.') sipiare yards, including 
.'57 sipiare yards taken up by the filters. The refuse dealt with is from 
the scouring and dyeing of pieces. The thicker scouring refuse is not 
treated here but in a separate plant, and some of the washing-off waters 
after scouring arc stored in the wash-house iind re-used, so that only the 
final washing-off waters are received here. The dyeing ju'ooesses in use 
arc chiefly the dyeing of rags and pieces with ordin.ary acid dyes and 
direct cotton colours (diamine, etc.), and burl dyeing with extract of 
myrobalans and an iron salt, 'fhe (juantitj’ of refuse dealt with daily 
varies very greatly according to the trade being done. The maximum is 
stated to be about .^0,000 gallons a day. 

Samples were taken over considerable periods on three diftcrent days, 
so as to obtain an iiveragc of the refuse waters treated, and of the final 
effluent, and other samples of the final effluent and of the sludge, etc., 
have been taken at various times. Analyses of these are given in 
Tables XXXVIl. and XXXVIII. Tests were m.ade with colouring matter 
to ascertain the time taken in the pissage of the refuse throngli the 
apparatus. Fluorescein was jwured into the top of the mixing tower and 
after an hour and twenty minutes was found in the effluent. It Wivs still, 
however, present in the effluent after the apparatus had been continuously 
working for ten hours. 

At first the preeipitants added were lime, alumino-ferric, and swla, but 
latterly only the two former, 80 lbs. of lime and .fifi lbs. of alumino-ferric 
being the maximum amounts used per day. Taking the prices of these 
materials at £1, 28. Gd. and £2, 17s. 6d. per ton I'espeetively, and the 
amount of refuse treated at 60,000 gallons, the cost of these chemicals 
amounts to just over Jd. per 1000 gallons. 

The only labour necessary to keep the plaat working is attention to 
the pumping, the daily addition of the chemicals to the small tanks at 
the top of the main tower, and the removal of the sludge from the sludge 
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filters tOjthc tip. This latter work occupies a man with a horse and cart 
for six hours a mouth. The rest of the labour is estimated to take up 
less thau half of one man’s time. 

Tile elHuent from this apjiaratus has heeu constantly re-used in the 
mill for trade purposes. It is discharged into a large iron tank, where 
water from a well is mixed with it in the proportion of 1 to 4. From this 
tank water is di-awn for use in the dyehouse, and llu' surplus is used for 
condensing and for Hushing water-closets. 

The company state that since the erection of Waite’s .apparatus the 
re-use of the elthicnt has been a material advantage. During the year 


TAnLE XXXVI11. 

SLUDllliS TAKEN AT WENSbEYDALE MIhLS {WAITE’S APPARATUS). 
rrprcfimf in parlsprr cent.) 
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1 

; 7*ft. towe)’ (L) . 


0-43 

1-01 

30-35 

69-65 

0-77 



* Tlif are calculated IVoni an analysis of the moist sludge. 


ended 30th .lune 1308, 1,400,000 gallons of the effluent have been used 
in the dyehouse, instead of which town’s water at a cost of 6d. per 
1000 gallons, or would have been necessary, and the dyer finds it 
excellent for his purposes. For condensing purposes also it was formerly 
necessary in times of drought to augment the supply from the stream with 
town’s water, and at least 400,000 gallons of the effluent have been used for 
this purpose, resulting in an annual saving of .£10. liosiilos the monetary 
gain, it has been found that having the supply from Waite’s apparatus 
available has prevented the stoppage of the mill for short periods when 
the water of the stream has failed in times of drought. Four W'ater- 
closets formerly flushed with water from the towti’s mains arc now, more¬ 
over, Hushed with the effluent from Waite’s apparatus, and this also means 
a considerable reduction of the water bill. 
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The cost of the plant is given by the company as follows: - - 


Capital cost of plant: 


Sump well. 

£68 

10 

0 

Waite’s apparatus. 

530 

0 

0 

• Sludge filters and roof .... 


0 

0 

I’unip and steam pipes .... 

fi2 

0 

0 

Total . 

£74K 

10 

0 

Weekly cost of treatinout: 

One man 3 clayK }>ei‘ week at 25s. 

.£0 

12 

0 

Clhemicals at per lOOi) pillons (1SI>,()(t0 

gallons per week) .... 

0 

7 

6 

Man anil horse and cart, U hours per week 

0 

1 

6 

Steam, say ....... 

0 

5 

0 

(Tile Kii^dneer says tliis is over-estimated.) 





£1 

G 
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llepairs and Itcnewals: In the four years the plant has been rnnning these 
have ainonntod to £20, chiefly dne to repairs of tlie engine and 
pump, the latter of which was affected by the acid dyewalcrs 
Allowing 10 per cent for interest and depreciation on the initial cost 
of the plant, the total cost of treatment, exclusive of the cost of the site, 
amounts in this ease to Id. per 1000 gallons. 

This and the following method of purification aiT to be recommended 
more e.specially in the ease of a smaller dyehouse, where the employment 
of a special manager of the )mritication works would be too great an 
expense. The attention re(jnired is inconsidenrble, as it is only necessary 
to see that the pnini)s are in pi'oper order, that tlie supply of precipitants 
is kept up, aiid that the sludge is removed with regularity, 

Api'imitua.- -Another form of plant for the purification of 
dyewaters (see Fig. 22) has been (irected for Messrs Brigg ifc Sons, Dock 
Ing Mill, Hatley, by W. MeD. Mackey, F.I.C., who has taken out patents 
(Nos. 11,410, 190.5, and 1227, 1911) for the apparatus. It somewhat 
resembles Waite’s plant, but is (juite distinct in its principle. 

The dyewaters deivlt with at Dock Ing Mill are from the dyeing of 
pieces, the dyestufl's used being chiefly anilines, acid and neutral, with 
ground myrobalans and an iron salt for the cotton or burl dyeing Bi¬ 
chromate of potash and suljrhuric acid, and sometimes a patent bleaching 
agent, “ hyralditc,” are also used to discharge colours from some of the 
goods. Town’s water is >ised in the various processes, and the total 
discharge of refuse is estimated at 30,000 gallons a day on an average. 

The refuse is received in a sump on the dyehonse drain, about 20 feet 
by feet by 3 feet, or some 1300 gallons capacity. This is smaller 
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than it pnght to tie to cope properly with sudden discharges of several 
cisterns in the dychousc at onc<‘, but the space available is very limited. 
From the smiiji the refuse is lifted by a ram pump, capable of lifting 
6000 gallons an hour, to an elevated mixing or averaging tank of wood, 
which has a capacity of 10,.^i00 gallons, and is raised on brick piers 20 feet 
in height. The total lift is over .“lO feet. ' 

In a small wooden tank fixed at the hoiul of the aveiixging tank lime is 
placed, and into this a proportion of the trade licpiids is directed, and the 
contents are kept constantly agitated by paddles which arc kept in motion 
by means of a small water-wheel driven by the bulk of the refuse. The 
quantity of lime reipiircd to precipitate the solids varies very considerably 
from day to day, for the refuse waters arc sometimes strongly acid, anil 
at other times neutral or even .alkaline, but usually about .ir) parts per 
100,000 are necessary. The bulk of the refuse is delivered into the tank 
uuderueatb the water level, being brsl joined by that portion which has 
been passeil through the liming chamber. The contents of the tank are 
drawn oil' from the bottom at the end farthest from the inlet, and no 
attempt is made to retain the suspended solids, the purpose being to obtain 
a thorough mixture of the various kinds of refuse with one another, and 
with the lime which has been added. 

The effluent from the mixing tank is conveyed by a 4-incb pipe to 
the lowest ])oint of a sloping cylindrical tank, which is set underneath at 
an angle of 12" from the ground level. I'rovision is made for keeping 
the pressui-e on the liquid in the lower tanl^ at a constant head. This 
tank is 2S feel in leujtth and 7| feet in diameter .and has a capacity of 
7700 gallons. The outlet is at the highest point, which is somewhat 
lower than the bottom of the mixing tank, so that the lower tank is kept 
continually full of the liquid, which is, while the apparatus is at work, 
constantly entering at the bottom, rising gradually, .and escaping at the 
top. The idea of the patentee is that the rising liquid leaves behind it any 
suspended solids, which accumulate in the lower part of the tank, so as to 
form an obstacle in which further suspended solids in the incoming liquid 
arc entangled and thus aided to diqiosit. The inlet ])ipe to the sloping 
tank is moreover directed upwards, and thus gives an eddying motion to 
the liquid, which probably aids materially in the deposition of solids. The 
sludge which accumulates in the lower part of the tank is lot off from time 
to time by a sludge outlet, but care is taken to retidii a certain amount to 
aid in the process as above described. 

The tank effluent, thus freed from the greater part of its suspended 
solids, is further purified by filtration through coke. It is carried from 
the top of the tank in a 4-inch pipe to the bottom of a cylindrical filter, a 
break being provided to prevent siphonic action. I'he filter consists of a 
vertical cylinder, 6| feet in diameter and 12 feet 4n height, and filled for 
9 feet of its length with pieces of coke of sizes ranging from ^-inch to 1|- 
inch cubes. The bottom 11 feet of the cylinder contains no coke, and 
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into this'the tank effluent is passed, and rises through the coke to escape 
from its upper surface into a compartment feet in depth, from vihVoh 
it is discharged as tiie final effluent. This is conveyed to the mill dam 
and used, mixed with stream watei-, for coTidensiug. Anv sludge which 
accunuilates in the com])artment below tlie coke is drawn off through a 
sludgcj valve about once a day, and when tliis is opened Ihc revei'sid ot the 
flow of Ihpad through tlie coke helps to wasli out any solids ii hicJi have 
become entangled among the particles. 

The sludges from the huik and from the filter both contain a largo 
proportion ot water and are discharged to one of three sludge filters, each 
8 feet by 11!, formed of engine ashes 2 feet in depth and well undeidrained, 
with outlet to the stream. The sludge, which is let off from the tank 
about once a week, even after lying on the sludge filters for a few days, 
still contains over 1)0 per cent, of water, and is shovelled out and allowed 
to lie on the ground tx> lose hirther moisture by evaporation. Of tliis air- 
dried sludge .about I'd tons have been ()i-odueed in four montbs’ working. 

The apparatus is speeially designed take uj) little space, .and only 
occupies 1 dO s(piare yards, d’lie cost of a complett! plant foi dealing with 
.3000 gallons an hour Mr Mackey estimates at X3o0, aud the propoitionato 
cost of a larger plant would, of course, be somewhat less. Tlie working 
cost is not very great. 3'aking the cost of the lime used as a jireeipitant 
in the proportion of .3o parts per 100,000, or d.3 grains per gallon, with 
lime at £1, 2s. (id. a ton, the cost of tlie lime used is under Id. per 
1000 galUms, or Is. Id. per day. 'J’hero are also the eost of Jiumping, 
a little attention in adding the lime, and the removal of the sludge to he 
provided lor, hut, excluding the last item, Mr Maclfey reckons that the 
plant requires about an hour a day of a man s time. 

This plant at Dock Ing Mill has been constructed to suit tlie site, and 
a better arrangement might be devised in oilier circumstances. Tliere 
seems to he no reason in ordinary cases for having tlie sump and the 
mixing tank separate, and the addition ot the precipitant to tlie liquid 
before the latter is pumped would tend to produce a imieli better admi.vture. 
If this were done, the sloping tank could be placed over the collecting and 
mixing chamhor, aud thus room could he economised. In all cases, how¬ 
ever, a small overhead tank must he provided to feed the mam tank at a 
constant head. 

The effluent from the sludge filters should ho returned to the collecting 
chamber to he passed again tlirongh the apparatus. In such ease the 
sludge filters could bo made shallower, for the purity of tlie filter effluent 
would not matter, and thus the sludge could he dried oil' much more 

'^'"’tevoral series of samples have been taken and analyses made (see 
Tables XXXIX. and XL.), Du one occasion some twenty pieces were dealt 
with in the dyehouse. In the case of six pieces the wool and cotton were 
dyed at the same time in a neutral bath, and in the case of the remaining 
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fourteen the wool in the pieces was dyed in an acid bath, and the cotton 
dyed as a separate process, in eight pieces with extract of myroberans and 
iron Ihjuor, and in six in an alkaline aniline cotton dye b,atli. The mixed 
dyowaters were tlierufore of an acid character, and lime to the (extent of 
77 grains per gallon was used to ]>recipitale. 

On another occasion ten pieces were being dyed with direct aniline 
dyes and (Manber salts, and two were snbseipiently bnri dyed ; and four 
pieces were being stripped with acid. The amount <if refuse discharged 
that morning was from 10,000 to l.o,000 gallons, and 'JS grains of lime 
]K'r gallon, approximately, were being added to tin' dyewaters 

The final effluent has generally been jnacticxdly free from suspended 

Taki.e XL. 

SLU1)()E.S TAKEN AT DOCK 1N(! MILL, HATLEY (MACKEY’S Al’HARATUS), 
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' 
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... 
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! Air-dried sludg** 

91-26 *4*;i4 
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1 

49'6r) i 50-35 1-83 

♦ 

3*77 


Air-dried Bludge 

1 81 25 4-ye 

U-39 

27-67 172*33 1 1-22 

2-16 

26-00 


* Tile figures are oalculutiul frum an analysis of tlie moist sludge. 

solids, but still somewhat coloured, with a green or yellow shade. To test 
the time taken by the liiptid to pass through the apiiaratus colouring 
matter vras poured into the averaging tank along with the trade refuse 
being treated. The colour was seen in tin* effluent from this tank in 
twenty minutes; it appeared in the effluent from the sloping tank after 
another fifty minutes; and in the filter effluent after another thirty 
minutes: taking, therefore, a hundred minutes to pass through the whole 
apparatus. 

Since thi.s plant was constructed in 1908 Mr Mackey has erected a 
good many more on the same lines, but in these he has left out the coke 
strainer, as experience has shown that its eft'oet is very slight. He has 
also adopted a much improved method of adding the precipitant, somewhat 
similar to that deseribodjon p. 133. Most of these new works deal with 
very much larger volumes of refuse, in one case, at Greetland Dyeworks, 
with 300,000 gallons per day, but the plant in such a ease is simply a 
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reduplication of several uiiitM like that described, except that there is 
only one mixing tank an<l one appirattis for lalding prccipitauts. 

Hell’s Ajijtttmliis. —Hell’s Patent Filter is another apparatus originally 
devised for the purification of water. It has been brought into use for 
the treatment of dyewatei's, and erected by Messrs Bell Bros., Calder 
Ironworks, liavenstlmrpe, for Messrs F.dward Bipley A Son, Ltd. (tli'anch 
of tli(! Bradford Byers’ Association, Lbl.), at Bowling Dyew’orKs, Bradford 
(see Fig. 2:!). 

At tliese works the ]>rocesses which give rise to polluting liquids are 
piece s(a)nring and dyeing, (')nly pieces are dyc<l, and these are practically 
all woollen, or union goods in winch flic cotton warp has been previously 
dyed. Nearly all the dyes used are. soluble acid colours. 

The thicker piece-scouring suds arc treated in a seak plant, the eflluont 
from which is dis<-harged to the public sewer. Tlu! linal washing and 
cooling waters from the dyehouse arc run info a storage tank, which also 
receives hanl well water and purified refuse, a,ml the conteul,s of this tank 
ar(i softened in a separaU' set of Bell’s Filters and pumped uji to the general 
reservoir for use in the dymvoi'ks. 

The washiug-oll' watoi's after jiiece scouring and the rest of the dye- 
waters, amounting to 000,000 gallons j)cr day, are run into a series of large 
dams, when' some settlement takes jdace. From these dams the refuse 
is pumped into a settling chamber, and through this into four of Bell’s 
Filters. 1’hc cttluent from these is taken into the storage tsuik above- 
mentioned, to be further purified for re-use, or is di.scharged cither directly 
to the stream or to a large reservoir, from wliich it is drawn by various 
mills to bo usiM ak condensing water and returned again, but finally 
overflows to the stream. 

The two sets of filtei’s, for .softeiung the cleaner water and for purifying 
the refuse, are identical in construction, and the only diflerenec in working 
them is in the amount and nature of the chemicals used as prccipitauts. 

The dams into which the refuse is discharged from the dyeworks are 
three in number, and have a total capacity of about 2,018,000 gallons. 
As these dams are seldom, if ever, cleaned out, practically the only results 
of their use arc a mixture of the various discharges and some septic action, 
which nwst have the effect of somewhat altering the nature of the solids 
present. Owing to this septic action, and the fact that there is sulphuretted 
hydrogen in the well water used, almost all the samples taken, whether of 
crude or treated refuse, show the presence of sulphuretted hydrogen, and 
the gases escaping from the putrefying sludge in the dams can be set 
alight on the surface of the water. 

The refuse is drawn from the dams at the rate of 30,000 gallons per 
hour throughout twenty hours of the day, through a 12-inch suction pipe, 
into wdiich a solution of chemicals is pumped, ^he prccipitauts added are 
aluminium sulphate 4A6 jiarts per 100,000, lime 1-78 parts, and soda 0‘67. 
parts, and these are previously dissolved in special tanks fitted with 
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agitators. They become tborougbly mixed with the refuse as it passes 
tlirough the pump. 

From tile pumps tlie refuse passes into a closed cylindrical settling 
chamber of steel, {) feet in diameter and 16 feet high, with a capacity of 
6500 gallons. The delivery pipe passes inside the settling chamber at a 
point about .3 feet from the bottom, and the outlet from the chaml\cr is at 
the highe.st point. The delivery pipe is branched, and the ‘branches are 
perforated on the underside, and have plates fixed over them, with the 



object of ensuring an even upward flow over the whole sectional area of 
the chamber. If this were attained the upward velocity would be about 
1| feet per minute. 

The lower 3 feet of the chamber serve to collect the sludge, and the 
bottom of the chamber is in the form of an inverted cone, ending in a 
sludge valve, and internally there is an arrangement of agitators worked 
by hand. The sludge which collects is discharged every six hours by 
opening the sludge valve and rotating the agitators for aliout five minutes, 
the pumping being meanwhile continued. This-would give an approximate 
discharge of 260Q gallons of liijuid sludge. 

As will appear later, there is a resistance to the escape of the effluent 






THE TEXTILE TRADES. 


h ; 

from the settling chamber, with the result that the contents arc coisstantly 
under an average pressure of 15 lbs. This, the inventors claim, greatly 
increases the deposition of solid matters in the chamber. 

The effluent from the settbiig chamber is further purifietl by filtration 
through Boll’s Filters, of which there are four, so that each deals with 
7500 gallons per hour. Each filter is an enclosed cylindrical vessel of 
mild steel al*out 4| feet high and 8 feet in diameter, and thus the liquid 
is passing through with a velocity of 4f inches per minute, or at a r.ate of 
l.StO gallons per s(juare yard per hour. The filtiwing material consists of 
silver sjind, nearly 3 feet in depth, on a perforated floor of peculiar con¬ 
struction. The whole area of the floor is compos(!d of conical strainers 
shaped like the rose of a watering-can. Each rose is 6 inches in diameter 
on its perforated upper surface, is filled with ])ebhlos to jwevent the escape 
of the. sand, and communicates below with the general outlet of the 
filter (see Fig. 25). 

Ill working the filter the effluent from the settling chamber is forced 
through the sand from above by the action of the pump, the pressure, like 
that in the settling chamber, averaging about 15 Ihs., but getting greater 
as the filter gets clogged. 

The cleansing of the filters is brought about by agitation of the sand 
in a strong current of water. I’owcr-driven agitators on a central axis 
are provided in each filter, and these are hollow and perforated so as 
to allow a strong current of water to be passed through them into the 
midst of the filtering medium. They are also studded with conical 
proje.dions so as to form rakes for stirring up the sqpd. Each filter is 
cleansed for about five minutes every su hours by reveraing the cuiTent 
of water and passing the filtered liquid ujiwards through the sand by the 
aid of the full force of the pump, or at the rate of .30,000 gallons per hour. 
This upward flow is discharged into the sand both through the roses in the 
floor of the filter and through the hollow arms of the agitatore. These 
nro at the same time set in motion, so that the sand is thoroughly 
scrubbed in a powerful current of water and freed from adhering solid 
matters. This process is continued for about five minutes until the 
discharge becomes clean, and yields therefore from each filter about 2500 
gallons of very liquid sludge. 

The washing water from the cleansing of the filters and the sludge 
from the settling chamber are discharged to settling tanks, of which there 
arc two, each 19 feet by 23 feet by 4J feet deep, and one discharge from 
the settling chamber and each of the four filters was found to be sufficient 
to fill both the sludge tanks to a depth of 2| feet, which would amount 
to some 14,000 gallons. The whole operation of sludging the settling 
chamber and the four filters lasts from twenty minutes to half an hour 
every six hours, and during this time the purification process is at a 
standstill. After the sludge has settled in the tanks, which it does in 
a few hours, the top water is discharged by outlets 18 inches above the 
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bottom of the tiuiks into the outlet pipe for the ])iiritie(l refuse. It should 
be conveyed into tlie preliiniiiiiry settihif; ponds to be circulated again for 
treatment. The settled sludge ac(;uniulatcs to a dcjith of IJ feet in a 



Kig. *25, -bell’s I’ressuro Filter. 

A -Valvo lit witbh arms. 

I^-Kakes on wash arnis. 

—llytlrttulic hollow wash arms. 

It—Hydraulic hollow shafts. 

K- -Perforated strainers. 

K—Inlet pipe for dirty water. 

(1 - Wash-out pipe for cleaning. 

H—'I'op pipe. 


View of inli niiil arraiigcincht. 

1—Vertical wash \alve. 

K—Outlet for filtered water. 

Ij SWid filter shell. 

M - Top lilock on shell. 
N—l'ilet valve fitrdirty water. 
0—Wash-ont valve. 

P—Hevcl wheels. 


fortniglit or throe weeks, and is then discharged to two sludge lagoons, 
where fnrtlier settlement takes place. The' supernatant water, which 
should also be conveyed hack to the settling ponds, is run o(F to the stream, 
and some moisture evaporates, so that after a week or two the sludge has 




THE TEXTILE TRADER. 149 

dried sufficiently to be carted away. In a week this sludge amounts to 
ten cartloads. 

As has already been stated, tiie water-softening plant is an exact 
duplicate of that for the treatment of trade refuse, except that there is 
only one set of sludge lagoons for both. It is worked at the same rate, 
30,000-gallons per hour, but owing to the salts in the well water and the 
greater (juaiftity of prccipiUints used, the volume of sludge produced is 
two or three times as large, only requiring one week to accumulate to a 
depth of U feet in the sludge tanks. The chemicals used are 20'8 parts 
of lime per 100,000 and 9'1 j)arls of soda. 

Two scries of samples have been taken from both sets of the apparatus, 
and analyses are given in Tables XLl., Xl.ll., and XLlll. The whole of 
the samples retained a bluish colour, although it was very faint in the 
effluents from the water-softening plant. 'The colour in the purified 
dyewaters could no doubt be to a great extent removed by the use of a 
larger (|uantity of precipitants, as it is indeed in the offltient from the 
water-Bofteuiug ])laut. The settling chamber tor the dyewaters is evidently 
not large enough to permit of tla- setth'menl of the suspended solids, which 
arc of a light tloceulent nature. 1 f the chamber were (lu])lic.'ited so as to 
reduce the velocity of tlu^ li(|uid by half, much better results would be 
obtained. 

The chief defect in the works seems, however, to be the want of 
regular cleansing of the preliminary settling dams. The sludge in these 
putrefies, and, rising to the jurface, becomes broken up and drawn into 
the apparatus by the ])umps, while the sidphuH'tted hydrogen set free 
interferes with the pi'e(!ipitation process and apjiears as an imjairity in the 
final effluent. These dams should b(! sub-divided, so that any part could 
frequently be put out of use and thoro\ighly cleansed, and if this were 
done the rest of the apparatus would no doubt b(; capable of producing 
much better results and of dealing with a larger <piantity of refuse. 

The coat of purifying the dyewaters in this instance is difiicult to 
ascertain, but the patentees, Messrs Beil Bros., estimate that a plant to 
deal with 100,000 gallons in twelve hours would cost £1000. This would 
cover the pressure settling chamber, the filters, the tanks for precipitants 
with the accompanying pump, and the main pump for lifting the refuse. 
There would have to be tuldod to tins the cost of the storage tanks from 
which the dyewaters would be pumped, and the necessary sludge tanks. 
The labour re(]uired for such a plant Messrs Bell Bros, estimate at two to 
three hours, and the chemicals at lOd. to Is. 8d. per day, but these figures 
appear to be rather under the mark. 

Watson’s Vlant. — M Livingstone Mill, Batley, the Co-operative 
Wholesale Society, Ltd., have constructed works for the purification of 
their liquid trade refuse. • Designed by H. B. Watson, Ltd., the works 
were brought into operation in September 1910, and have since been 
in constant operation with uniformly good I'esults. The trade carried on 
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at this ,tnill is the manufacture of tweed and worsted coatings and suitings, 
and the liquid refuse is from the processes of piece scouring and dyeing, 
but the first discharge from the scouring machines is conveyed for the 
recovery of grease to a separate set of purification works, leaving only the 
washing-off water to be treated along with the dyewater in the works 

Tablb XLIIl. 

SLUDGES TAKEN AT BOWLING DYEWORKS. 

(Results ejjmsseJ in parts per cent.) 


Moist Sludge. Dry Solids.* 


Samjile of 

Moisture. 

Organic 

and 

Volatile 

Matter. 

Ash. 

Organic 

and 

Volatile 

Matter. 

Ash. 

NitrogenI 
(Kjel- ' 
dahl). 1 

SUi(3j,"e from refuse treatmeiil: 






1 

1 

From settling chamber . 

99-78 

0-05 

0-17 

21-69 

78-31 

1-177 

From iilters .... 

99-65 

0*13 

0*22 

37-86 

62-14 

1-634 

From settling chamber . 

99-73 

0-07 

0-20 

26-83 

73-17 

1-866 

From filters .... 

99-6C 

0-13 

0-21 

37-17 

62-83 

1*718 

Sludge from water softening: 







From settling chambei . 

96-70 

0-17 

3-13 

5-23 

94-77 

0-107 

From liltei's . . 

99-37 

0-05 

0-58 

8-56 

91-44 

0-285 

I* rom settling chambei . 

99-76 

0-02 

0*22 

9-10 

90-90 

0-484 

From filters .... 

98-85 

0-07 

1*08 

5-99 

94-01 

0-225 

Sludge from lagoons: 







As discharged from settling 
tanks .... 

89-16 

4*13 

6-72 

38-06 

61-94! 1'46 

After dmining olf top water . 

72-14 

] 5-21 

22-65 

18-71 

81 -29 

0-64 

Being carted away 

56-25 

! 2-76 

40-99 

6-31 

93-69 

0-26 


* The figui-es are calculated from au aualysis of the moist sludge. 


described below. The dyestuffs used for dyeing are synthetic indigo 
(in the bisulphite process) and various other coal-tar dyes, and a little 
extract of myrobalans. In the processes, town’s water and well water 
(after being softened) are used in about equal quantities, and the volume 
of refuse liquids dealt with is about 7500 gallons per day, exclusive of the 
thicker piece-scouring refuse. ‘ 

The crude liquids are first discharged to an underground receiving tank 
in the mill yard, which Is 18J by 13J feet and 10 feet deep (15,600 
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gallons), and from this they are lifted by a centrifugal pumji to the 
purification works. The comparatively large capacity of this tank serves 
the useful purpose of mixing the various waste waters thoroughly, and 
the pump draws from the bottom of the tank, so that there is no appreci¬ 
able settlement of solids. The pump is belt-driven from convenient 
sliaftiilg, and an apparatus is provided in the form of a float which rings 
a bell to warn the engineer when the receiving tank is full. Pumping 
is kept up for six or eiglit hoiire each day, so as to make the flow through 
the purification tanks as uniform as jiossible. 

Lime is ustxl to neutralise and precipitirte the refuse and is supplied 
in the form of milk of lime. The lime mixer is a circular tank similar to 
that shown in Fig. f).'!, in which beaters or piiddles, driven from the same 
shafting as the pump, keep the contents stin-ed. At the bottom a large 
outlet is provided through which from time to time any solids which 
settle from the lime ciin be removed. The lime is placed in the tank, in 
bulk sufficient for n day's use, in a small cage in which stones and nndis- 
solved pi(!ees of lime are retained, and water is run in from a tap. The 
rcsidting milk of lime is |)assed into the rising main between the sump 
and the purification works, where it becomes thoroughly mixed with the 
refuse. 

As will" bo pl.'iiuly seen from Figs. 2fi and 27, the purification works are 
compact and o(;cui)y little ground space (9 yards by 9 yards). The liquids 
are first received in a shallow compartment (having a capacity of 332 
gallons) above the tanks proper, and in this the heavier solids are 
deposited. Flowing over a wide sill the liquids pass into the larger of 
two settling tanks, which is 16| feet by 13 feet and 7 feet deep, and holds 
9400 gallons. Flowing over the submerged wall between the tanks the 
refuse passes into the smalle.r tank, which holds some 3400 gallons. In 
this lank there is a wooden partition extending to \Mithin a short distance 
of the bottom, and the refuse passes under the partition and rises at the 
other side to pass upwards through a straining filter of tine wood shavings 
before escaping by the effluent outlet. 

The floors of the Uinks slope to the centre, and sludge valves are fixed 
to enable the precipitated sludge to be drawn off to the sludge filter, 
which is 25 feet by 9 feet, or 25 sepiare yards in area. The filtering 
medium is IH inches in depth, and consists of clinker riddled free from 
dust, the coarsest material being laid on the concrete floor, the finer al)Ove, 
and on the top a layer of very tine material about J inch thick. Some 
sludge is mn oft’ from the tanks every day, being forced out by the head 
of water above it. In dry weather it takes three or four days to dry 
sufficiently to be removed from the filter by spade, and after further 
drying on the ground adjoining it is carted away to a tip. 

These works, as has bedli said, give good results while dealing with the 
comparatively small volume of 7500 gallons per day. They were, however, 
designed to deal with twice this amount, and no doubt are quite capable 
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of doing*so, as tlie volume at present treated is all passed through in six 
or eight hours each day, the pump only being in action for that period. 
The advantage of having a large sump or receiving tank, etjual in this 
case to throe days’ flow of refuse, has .already boon pointed out. The 
total capacity of the settling tanks too is comparatively large, being 
nearly eipial to two days’ flow, and this allows time for the settlemtnt of 
solids. It iiieiuis, in fact, that the effluent on any one d.ay bas^ecn chiefly 
produced from the refuse of the previous day, which, after settling all 
night, is di.splaeed from the tiink.s by the fresh refuse entering. It is 
somewhat difficult to estimate the maximum amount of refuse with which 
a plant of this size could deal eft'eetively, but if it were worked continuously 
at the rate at which pumping now proceeds, then 24,000 gallons could be 
purified daily. The difficulty of dealing with liquid sludge such .as is here 
produced is very freiiucntly under-estimated, and it would certainly be 
better in this case to have another sludge filter, so that one coidd be 
resting for cleansing purposes while the other is in use. 

The cost of such a plant is not great. From information given by the 
manager of the mill it appears to be as follows :— 


Capital cost ■— 

Tanks, filters, pump, pipes, and fittings . . . £i2f> 

Sump.40 


Working cost per week— 

Total . 

« 

. £465 
». d. 

Labour (1 kenir per day) 


. 2 (1 

Lime. 


. 2 0 

Sludge removal 


. 2 G 

• 

Total . 

. 7 0 


Analyses of samples of the crude refuse and of the effluent arc given 
in Table XLIV. 

Arrhhutt-Deeley Hyntcni. — The Archbutt-Deeley method of water 
softening has also been applied with great success to the purification 
of dyewaters. At the Oheapside Mills of Messrs J. T. and J. Taylor, 
Ltd., Woollen Manufacturers, Batlcy, a large plant, erected by Messrs 
Mather and I’latt, Ltd., Salford, has been in successful operation for over 
four years, dealing with 400,000 gallons per day. The plant and its 
results were described in a j)aper read to the Health Congress at Leeds by 
W. Rushby, the firm’s chemist (sec The Medical Officer, 22nd July 1909, 
p. 117). 

The refuse, which is typical of the Heavy Woollen Trade, amounts to 
400,000 gallons per day, and consists of two'portions, of which 30,000 
gallons is from scouring processes, taken after the grease has been extracted 
by treatment with a slight excess of acid ; the great bulk, however, is from 
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piece dyeing. The dyes used are chiefly acid and substantive jolonrs, 
together with tannin, ferric sulphate, and bichromate of soda, so that the 
refuse is always slightly acid, and contains tannin, ferric salts, chromium 
compounds, colouring matter, sodium salts, and organic matter from wool. 
Much is in suspension in the form of dark blue tannate of iron, spent 
myrobftlans, and wool fibre (flocks). The water used is derived largely 
from the stream, and is very hard ; a considoi-able proportion, however, is 
town’s water, which is very pure. 

The whole of the refuse has to bo lifted 30 feet, and tins is done by 
an 8-inch centrifugal pump, which has a capacity of 60,000 gallons per 
hour, and is made of a special gun metal to resist the action of acids. 


TAnnis XLIY. 

S.tMrLES TAKEN AT LIA’INOSTONE MILL, BATLEY (AVATSON’S PLANT). 
{licmJts expressed in parts per lOOfiOO.) 




Solids in 
SiiBpeusiou 

Solids in 
Solution 

Nitrogen. 

Oxygen ab¬ 
sorbed from ^ 

t 

1? 

s. 

Hardness (in terms 

Nature of 
LiquiM. 

Total 

Solids. 

(tlried at 

1 100' C.). 

1 

(dried at 
100“ C.). 

r 

S > 
0 ! 

gf 

So: 

permanganate 
in four hours 
at 26-7" C. 

1 oS 

si 

' z 

I 


of CaCOa). 



Total. 

Ash. 

Total. 

Ash. 

0 

s. 

3 0 
'r' e. 

P B 1 

So! 
“ 1 

Total. 

By 

Filtrate. 

Total. 

Fermi. 

Tempy. 

rude refuse . 

85-8 1 

1 

1 21-4 

5-1' 

64-4 

4C-C 

1-42' 

0-23 

0-70! 

4-83 j 

2-63 

nil 

16-0 

8-1 

6-9 

!rttde refuRo . 

162-1 

44-1 

15-4 

118-0 

90-8 

0-77 

0-50 

1-26 

11-93 

6-62 

trace 

12-0 

4*4 

7*6 

'inal effluent . 

101-1 

2-8 

2 5 

68-3 

78-1 ' 




1-49 


ti-ace 

41-4 

11*8 

19*6 

Inal effluent . ^ 

80-9 

0-6 

0-6 

80-3 

05-3 




2-00 

i 

, 2-2 

26-4 

23-9 

1*6 

'inal effluent . 

103-7 1 

4-1 

1-8 

99*6 

78-0 

0-99 

0-04 

0-17 

0-82 

0-00 

30-2 

70-3 

33*6 

36-8 

'Inal efflueut . 

83-6 ' 

3-0 

2-0 

80-6 

68-6 

0-62 

■lu 

0-36 

1-68 


616 

28-6 

1 19-1 

9-4 


The pumped refuse passes through flock recovery apparatus like those 
shown in Figs. 41, 42, and 43, into large iron tanks, six in number, and 
each of about 25,000 gallons capacity, which are filled in turn. 

The only reagent used for precipitation is milk of lime. For 20,000 
gallons, the working capacity of each tank, 36 lbs. of quicklime are 
needed on the average, the cost of which at £1 per ton is about 4d., or 
Jd. per 1000 gallons. The lime precipitates fatty matters, neutralises the 
acidity, and also produces by its action on the ferric salts in the refuse 
a hydrated iron oxide which greatly assists in the deposition of organic 
matter. 

The lime-milk is made in two small wooden tanks, each of about 200 
gallons capacity, with a perforated false bottom of iron; it is carried into 
the channel conveying th? refuse, into which it squirts through a per¬ 
forated pipe. This method of adding the lime saves time, and, what is 
more important, ensures absence of acid in the large iron tanks. As soon 
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as the krge tank is about full, air is blown in for five minutes by means 
of a steam injector through perforated pipes at the bottom of the tank. 
The old and new precipitates are thus intimately mingled by the 
thorough agitation, and this is found to produce, a much more perfect 
final deposition, The settlement is (piiok, and a clear liijuid is ready to 
be run off after one hour, almost free from suspended matter, but generally 
slightly tinted, cspe(dally if certain very soluble dyestuffs are being used. 
Tile tank can be emptied in fifteen minutes liy means of a floating discharge 
pipe, but the more slowly this is done tlic less is the precipitate at the 
bottom disturbed. Thi' time occupied is, therefore, for filling, twenty 
minutes; agitating, five minutes; settling, sixty minutes: running off. 



thirty minutes; so that in two hours 20,000 gallons have been treated in 
one tank. 

Every few days a portion of the sludge is run out into a sump, which 
also receives the sludge from a water-softening plant. From this it is 
raised into a tank for settlement, the clear top water run off, and the 
remaining sludge filter-pressed ready for tipping. Thirteen and a half 
tons of sludge cake containing 60 per cent, moisture are produced 
monthly. The elevating of the mud and the pressing ai'C done by com¬ 
pressed air, the plant for this portion of the work having been supplied by 
Messrs S. H. .lohnson & Co. A very efficient valve used for admitting the 
refuse to the various tanks has been designed by the manager, Mr Crothers. 
After considerable trouble with slides and peflstocks, it has been found 
that this contrivance, very simple in construction and use, ensures entire 
absence of leakage (see Fig. 28). 
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The considerations which led to the adoption of tlio Archimt*-Deeley 
principle in this case were th.at: 

1. The refuse, which varies in composition every few mmutes, is 

averaged in the tank f)efore treatment. 

2. Each tiinkful Ciin receive separate attention and treatment. 

8. In the evamt of any mishap, it is confined to one tank, and the 

whole process is not interfered with. 

i. The great simplicity of the apparatus. 

.f. The whole process is open and visible. 

(). .Square tanks are used, thtis economising space. 

7. The water is not lifted much higher than the to|i of tlic tanks, 

whitdi are 10 feet deep, while in many plants the lift is 10 feet. 

8. And, most im|)ortant, the rate of settling of the |)rccipitate is 

remarkably (puck. 

9. 'I'lie working ca])acity is great in proportion to spa(^e occnjned and 

(u)st of plant. 

.Samples of the lefuse before and after treatment have Ixsm analysed 
from time to lime, and the results of tlic analyses are given in Table XLV. 
It will be seen that the purification elf'ected is very satisfactory, the 
rcidnction in suspendeed matters and ovygen absorbcsl being very marked. 

At another mill where a similar plant is in use dealing with 60,000 
gallons per day, the refuse includes wool-washing and piece-scouring refuse 
from which the grease has been recovered by the usiral acid treatment, 
the washing-ofl' waters after piece scouring which are considered to contain 
too little grease to be worth recovery, and the waste waters from the 
dyeing of woollen and worsted fancy pieces. The dyewares used arc 
mainly alizarines and wood e.xtracts. 

In this ease the ])lant consists of a large receiving tank capable of 
holding rather more than a day’s flow, into wddeh tin; refuse is pumped; 
two precipitation tanks, each of 14,000 gallons capacity ; and a small tiink, 
divided into two compartments for containing the chemical prccipitauts, 
which has a capacity of 150 gallons. These tanks arc all constructed of 
wood. The reagents used are lime and aluinino-ferric, about 8 lbs. of 
each being added to the contents of one large tank. The results obtained 
with this plant are shown in Table XLV. The capital cost of the works, 
including pumps, j)ipcs, and fittings, amountol roughly to £1000, so that 
interest and depreciation can be taken at .£100 per annum; the co.st of 
the preeipitants w’orks out at j^fd. per 1000 gallons, or 12'8d. per day: 
labour and steam are reckoned at £.‘)0 per annum ; and, taking all these 
into consideration, they amount to 2-2d. per 1000 g.alloua. In reckon¬ 
ing this cost the profit on the grease recovery has not been taken 
into account. 

The Arohbutt-Dceley jJlant can be, as is shown by these two examples, 
very successfully used for the purification of dyew'ators. Its adoption, 
however, is only advisable in dyeworks which are large enough to warrant 
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the employment ot a special manager of the purification works as the 
process is one which needs constant attention. 

htdiyo Dyeituj.—’ilm branch of dyeing produces refuse wliich differs 
somewhat from ordinary waste dyowaters and requin^s rather special 
treatment. Although in other tnides it has been pointed out that the 
cost o[ purification may often be met by the recovery of valuable bye- 
products, th«e is no such return to be looked for from th<! treatment of 
ordinary dyewaters; tlie most that can be expected is to purify the refuse 
so that the effluent can be used again. The waste waters from an indigo 
dyehouse, how-ever, are an exception to this, and from them it is possible 
to recover a large amount of the indigo. 

Dyeing with indigo is one of the oldest processes of the dyer’s art. 
Ages ago it was practised in the East, and our own forefathers before the 
Homans visited these shores were in the habit of staining their skins with 
woad, which contains a small proportion of indigo. Indigo is extracted 
from a large variety of tropical plants growing chiefly in India, and during 
recent years it has boon chemically produced from coal tar, when it is 
called synthetic indigo to distinguish it from the natural product. It is 
a pigment of the well-known dark blue colour, but in this form it is 
insoluble in water, and it must be converted into indigo white, a substance 
readily soluble, before it c.an bo used for dyeing wool or cotton. The 
indigo white is taken up by the fibre, and on exposure to the .air is again 
converted into insoluble indigo blue. 

There are several method# of producing the indigo white, or reduced 
indigo. In the oldest method, the woad vat process, the indigo is robbed 
of oxygen by moans of a fernuniting or slightly putrefying mixture of 
vegetable substances. According to Professor Hummel Dyeing of 

Textile Fahri-cs, p. 30G), a woad vat of some 1500 gallons is made up 



lbs. 

Indigo . . • • 

33 

Woad .... 

660 

Bran .... 

22 

Madder.... 

. . . . 5 to 33 

And dry slaked lime 

25 


whilst the Badische Anilin und Soda habrik in their 
give the composition of a vat holding 800 gallons as: 

Synthetic indigo, S. 20 per cent. . 

Woad. 

Bran. 

Madder . . .. 

Soda. 

Lime. 


handbook on Indigo 
lbs. 

. 20 to 45 

150 
10 
10 
6 
3 














i6o 


TRADE WASTE WATERS. 


A sfcond method, the hydrosulphite or Read Holliday process, brings 
alamt the same result by more direct chemical action. In this, a vat of 
1000 gallons capacity may contain, according to Dr M. Liebcrt {Indigo 
M.L.li., j). .SO):— 

Indigo blue M.fj.ll., 20 per cent. . . 130 lbs. 

Quieklinio.12 „ ■ 

Bisulphite, .')()° 'I’w.14^*gallons. 

Zinc dii.st.20 lbs. 

A third method, the ammonia proccB.s, has recently come more into 
use. In this process a vat of 2000 gallons may contain ; 

Indigo B.A.,S.F., 20 per cent. ... 00 lbs. 

llydrosulphite B.A.iS.F.9 „ 

Strong ammonia li(juor .... 9 gallons. 

(Ihie ........ S lbs. 

In all these processes fresh materials are addofl from time to time 
as the Viut contents become exhausted by the dyeing operations. In the 
woad vat the continual addition of the fermentive materials .and the 
impurities .added with them, or produced during the fermentation, bring 
about a state of matters in which the vat contents, although still contain¬ 
ing much iniligo, are so impure that they can no longer be used for 
dyeing. The liipiid i)orti<)n is then sometimes transferred to a fresh v.at, 
but more often run down the drain. The sludge in the l)ottom of the vat 
is thrown on the waste heap, or sometimes stirred up and discluarged with 
the liquid. The amalyses in Table XbVl. show the grossly polluting 
character of such disch.argos. They also show the great waste of indigo 
which takes place. 

The latter methods, especially the ammonia process, are of advantage 
in greatly les.seniug the waste of indigo and the amount of polluting refuse ; 
which has to be disposed of by the dyer. These vats can be used for much 
longer periods, and some ammonia vats are said never to be discharged. 

The methods of using these various processes are very much alike. In 
yarn and piece dyeing, the goods, which have been previously wetted, arc 
immersed in the Ihjuid in tlie dye vat and are afterwards passed through 
rollers which sqiieeze out any excess. Exposure to the air then causes the 
oxidation of the reduced indigo and produces the dark blue colour. To 
remove any excess of indigo the pieces are washed, sometimes in water 
alone and sometimes with the addition of fidler’s earth, soap, myrobalans 
(myrabs), or acid, but always finally with largo quantities of clean water. 

The liquid refuse, therefore, from the process of piece dyeing consists 
of the contents of the vats when they are discharged and of the daily 
discharge of washing waters. The analyses show the composition of 
these liquids. ■ Besides being too polluting to ‘be discharged to a stream, 
they contain large amounts of waste indigo. In a paper read before the 
Yorkshire Section of the Society of Dyers and Colourists on 20th February 
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1902, by Mr Edward Halliwell, F.I.C., who was then head of the lalxyatory 
of the West Riding of Yorkshire Rivers lioard, detailed analyses were given 
showing that the amount of indigo lost in the washing-ofF waters was 8 per 
cent, of the total amount nsed. The figures given in the accompanying 
tables, when compared willi those he obtained, would seem to indicate that 
the loss js often much greab^r. 

In dyeing unspun wool loss of indigo takes place in another way. The 
wool when taken out of the vat carries with it large (juantities of loose 
indigo, and although sometimes part of this is washed off in slightly 
acidulated water, usually a large proportion remains entangled in the wool 
during the after-processes of carding, spinning, and weaving. This indigo 
is removed from the cloth in the ])rocess of scouring with soap, and when 
the soapy licpiids are treated for the recovery of grease the indigo passes 
into the magma and is retained in tlu! cake after the grease has been 
pressed out. In this process, therefore, as well as in piece dyeing, there is 
a great loss of indigo. 

The recovery of tliis waste indigo shoidd present no insuperable 
difficulty. It has been carried out successfully by several of the cotton 
dyers in Lancashire. Mr R. A. Tatton, M.I.C.K., in a pa))er read before 
the Institution of Civil Engineers (Proreedinijs, 1900, vol. 140), in describ¬ 
ing f he purification works at the dyewoi'ks of Messrs Sydall Bros., Ltd., 
Chadkirk, gives the following description of the recovery process adopted 
there:— 

“The Separate recovery of imbgo is generally adopted now at works where any 
considerable cpiantily is used, and is a wry remunerative [rrocess—the value of 
the products recovered at these works amounting to about £1200 a year on a 
total consninjrlion of about £4000 worth of the raw material. The indigo is 
recovered front the .solid which settles at the bottom of the dye vat«, arid also 
from the wash water, through which the pieces are passed after beiitg dyed. 
The W'ash waters are first prccipitatol in tanks under the floor of the works 
with alumino-ferric and caustic soda, the top water is drawn off by means of a 
valve with a floating arm, and the solid.s, together with those from the dye vats, 
are pmnped uj) into a tank where they are treated chemically ; this separates the 
pure indigo, which is used again in the dyehou.se.” 

In one dychouso in Yorkshire (Glen Dyeworks, Todiuorden, Cornholme 
Dyeing Co., Ltd.), whore cotton waqis are dyed, the recovery of indigo 
from the waste waters has been undertaken by Mr Lishman, and has 
brought about a saving of 20 per cent, in the total amount used. The 
first washing of the dyed warjrs is accomplished by passing them through 
a vessel containing 2000 to .2000 gallons of water. In this, most of the loose 
indigo is deposited, and the resulting sludge is from time to time dis¬ 
charged into a sump which also receives any overflow from the vats them¬ 
selves or their contents when they arc discharged as spent. From the 
sump the indigo sludge is pumped into elevated wooden tanks, where it is 
reduced and the liipiid clarified by settlement, the clear solution of reduced 
indigo being returned to th« vats. The ordinary wash waters are passed 
through a special settling tank on their way to the purification works which 
have been provided for the whole of the dyehouso refuse. In this tank 

II 
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the indigo eettles, and the resulting sludge, which consists almost entirely 
of indigo washed out of the goods, is passed back into the dye vats. 

There appears to bo no reason why ecjually effective measures should 
not be adopted for the recovery of indigo from the w'astc waters from the 
dyeing of worsteds. From the tabios of analyses it will be seen that the 
amounts of indigo present in these waters are piactioally the same as in 
the case of cotton dyeing (see Table XLVl.). ' 

The waste indigo from wool dyeing is chiefly found, as has been stated, 
in the pressed magma cake resulting from grease extraction. There it is so 
iutenui.xed with grease that it cannot bo easily recovered directly. There 


'i’AnoB XLVll. 

SAMPLES OF SLUDGES TAKEN FROM INDIGO DYEWORKS. 
{RrsilUa c.fprcm.d in parts per cent.) 


Nature of Sample. 

Mois- 

Organic and 
Volatile 
Matters. 

Asli. 

Total Nitrogen 
(KJeldnlil). 

Indigo. 

ture. 

On 

Moist 

Sludge. 

On 

l>ry 

Sludge. 

On 

.Moist 

Sludge. 

On 

Dry 

Sludge. 

On 

Moist 

Sludge. 

On 

Dry 

Sludge. 

On 

Moist 

Sludge. 

On 

Dry 

Sludge. 

Sediment in exhaueted 
H'oad vat . 

76*34 

0*43 

88*23 

16-23 

61-77 

0-88 

1-63 

1-12 

4*66 

Sludge cake from mixed 
dyehouse refuse.— 










After six weeks' air- 
drying 









5-90 

After one week’s air¬ 
drying 

92*42 

3-94 

61*98 

3-04 

48-02 

0*10 

1-32 

0-10 

1-32 

After three weeks’ air- 
drying 

84*40 

7*80 

60-00 

7-80 

6000 

0*19 

1*28 

0*24 

1-56 

Taken from sludge 
filter . 

09*15 







0*25 

0-81 

Fretsed cake* from seak 
indigo magma . 

24*46 

72-11 

95*40 

3*48 

4-64 



6-23 

8-24 


* Containing greue 37'41 per cent, (on dry). 


arc, however, numerous works now in operation for the extraction of the 
grease from magma cake by means of a solvent such as benzine or carbon 
bisulphide. It should be quite practicable by vatting the degreased cake 
to dissolve out the indigo and afterwards to recover it by oxidation, as 
was mentioned in the discussion on Mr Halliwell’s paper. 

Owing to the present low prices the value of the indigo thus recover¬ 
able is very much less than it was before the introduction of synthetic 
indigo, but the sums paid annually for indigo are still very large, and if 
20 per cent, can be recovered by simple and inexpensive processes such as 
have been outlined, and at the same time the polluting matters discharged 
to the streams materially reduced, the results should be satisfactory both 
to the manufacturers and the Rivers Authorities. 
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If the indigo is not recovered from the spent contents of the indigo 
vats and the first washings of the dyed gowls, it passes on to mix with the 
general refuse of the dyeworks, and is then found in the sludge obtained 
by the settlement of such refuse. This sludge generally comes not only 
from the after-processes of indigo dyeing, when it may contain fuller’s 
earth,* myrobalans, etc., but also from dyeing with aniline and other 
colours. In'such mixed sludge there is naturally a much smtdler pro¬ 
portion of indigo than is found in that from the exhausted vats and first 
washings, the proportion varying with the nature and extent of the pro¬ 
cesses, other than indigo dyeing, oiirried on at the dyeworks. From the 
analyses given (Table XLVII.) it will be seen that even such mixed sludges 
may contain from 1 to G ]>er cent, of indigo, an amount which ought 
certaiidy not to be wasted. The recovery of the indigo from this mixed 
sludge might not be an economical process, and it would therefore be 
advisable to recover as much as j) 0 ssible from the stronger wash waters 
before their .admixture with the refuse from other operations. 

The waste waters from indigo dyeing, when mixed with other dis¬ 
charges from a dyehouse, are not found to interfere with any of the 
ordinary ])nrification processes. The indigo reaching the purification 
works is always in the insoluble form, and as such settles readily. In 
these cases, however, care should be taken that the settling tanks are 
frequently and completely cleansed in or<ler to prevent their contents 
hccoming septic, when the septicised matters would reduce the indigo 
and render it soluble. • 

Sulphide Bhu'k Dyeiny.—Of late years there has been a great develop¬ 
ment in dyeing cotton and other vegetable fibres with sulphide colours. 
These are coal-tar derivatives and are dissolved in a solution of sodium 
sulphide before application to the materials, so that any waste dyewater 
or washing water is necessarily of a highly polluting character and 
greedily absorbent of oxygen. There is little need to discharge the 
contents of the dye vats, as these can be freshened up with additional 
amounts of the dye and with such substances as sotlium carbonate, 
common salt, or glucose, which last is sometimes .added as a reducing 
agent; when cotton warps are dyed the dye Ihjuor is often circulated 
through the material in patent dyeing machines, and this process, as has 
been previously mentioned, considerably aids in using up the dyestuff in 
the vats; so that the main discharge consists of the washing waters. The 
first washings can be rendered less polluting by using them for a pre¬ 
liminary soaking of the goods, or can be reduced in volume by using them 
for making up the dye vats; but in spite of any of these contrivances 
there remains a discharge of polluting waste waters, highly charged with 
sulphides, and liable to give off volumes of sulphuretted hydrogen either 
by ordinary decompositioil or when mixed with any acid waters (see 
Table XLVIII.). 

These waste dyewaters are troublesome to purify either by themselves 
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or wheir mixed with other dyehouse refuse, and if discharged to a public 
sewer are extremely likely to cause nuisance in the sewers and to interfere 
materially with the treatment of the sewage. Like the kier liqviors of a 
bleach croft, it is better to treat them separately in the first place, and the 
following description of works for the purpose, constructed by W. McD. 
Mackey, F.I.O., at a dyehousc! in Bradford, where the refuse waters are 
afterwards discharged into the public sewer, may seiwe as (fn example of 
the kind of treatment likely to be effective. 

In this case cotton warps are dyed in a machine where the dyewaters 
are circulated through the material under a pressure of 40 lbs. to the 


Table XLVITI. 
SULITIIDE DYE REFUSE. 
{JlcsiiUs ejejiresseil in parts per 100,000.) 


Nature of 
Sample. 

i 

Total i 
Solids, i 

Solids in 
Suspensiou 
(dried at 
100' C). 

Solids in 
Solution 
(dried at 

100" c.). 

Uxygen ab¬ 
sorbed from ^ 

permanganate 
in four liuurs 
lit 26-7' 1'. 

1 

at 

Hardness (in terms 
of Cut'0;l)- 

s 

S^aCt 


1 — 

' Total. 

Ash. 

Total. 

Ash. 

Total. 

Filtrate. 

IS ® 

< 

Total. 

Permt. 

' 

Tempy. 

WS 

n 














From Mackfu’x 
Plant. 

Crude refuse 

6S8-6 

60-6 

4 9 

688-0 

476-4 

179-21 

161 06 

106-0 

3*6 

2-6 

1-0 


Do. 

31U-4 

1-4 

0-7 

816-0 

248-0 

93-70 

»'-60 


1-1 

1-0 

0-1 

21-7 

Precipitated and 
settled refuse 

420-1 

2'.* 

2-2 

417-4 

369-0 

69-26 

56-16 


93-3 

49-3 

44*0 


Do. 

m l> 

12-2 

0*4 

474-3 

424-2 

73-20 

09-10 


63-0 

1 16-9 

36-1 

47-1 

1 

From ChambrrKJi 
Hamiiiond’x Plant 
Crude refuse 

809-0 

77-8 

16-4 

731-2 

669-2 

110-66 

, 

1 53 46 

68-3 

18-8 

j 3-3 

1 

j 10-5 

17-3 

Final effluent 

788-7 

3-5 

0-7 

786-2 

702-6 

84-40 

1 32-70 

20-1 

18-8 

1 13-0 

'i 6-8 

16-5 


square inch. AVhen the dyeing is completed, water is forced through 
the goods, and the first portion of the washings is returned to the dye- 
liquor tank, while the bulk is discharged as refuse. The waste water 
passes into a sump, which is large enough to hold a day’s flow of 10,000 
gallons, and is pumped into a settling tank of 6000 gallons capacity. 
When the tank is full, about 20 lbs. of lime and 1 cwt. of copperak are 
added, and the contents of the tank are agitated by moans of air blown 
in with a steam injector, and then left to settle for several hours. After 
settlement, the clear top water is discharged through a floating valve to 
the sewer. 

The sludge is let off by a bottom valve to one of four sludge filters, 
each of which is in the form of a box 11 feet by 5 feet in area and 2 J feet 
deep. The sides are made of wood and the bottom of expanded metal 
covered with cocoanut matting, on which is laid about an inch of engine 
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ashes. The sludge is only let off from the settling tank after'several 
tanksful have been precipitated and riiii off, and each discharge fills one 
of the sludge filters, which is allowed to drain for several days, when the 
volume is reduced by two-thirds. The sludge is then removed by spade 
and thrown on to the adjoining ground to dry in the air before it is 
carted Hway, and when air-dried is said to amotint to more than 50 tons 
per annum. *As will be seen from the analyses, this treatment effects a 
large amount of purification, but the effluent resulting, although fit for 
reception into a sewer, as in this case, would rc(juire further treatment 
before it could bo considered fit to discharge into a stream. Tlie treat¬ 
ment by lime and copperas carries down a great deal of the orgfinic 


SCAL€ OF F€€T 
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Section C. D. 

Flo. 29.—Patent Trade Effluent Plant. (Cliamhera k Hammond, Huddersfield.) 


matter and the sulphuretted hydrogen, so that the offensivonoss of the 
refuse is to a great extent removed, and it can be purified along with • 
other waste dyewaters. 

In another case works for dealing with refuse of this kind have been 
constructed with the object of effecting more complete purification so as 
to produce an effluent fit to bo discharged to a stream. These works 
were designed by Messrs Chambers & Hammond, Huddersfield, and are 
shown in Figs. 29 and 30; they deal with a flow of 30,000 gallons, pro¬ 
duced in a working day of ten hours. The dyewaters are received into 
a sump, where they are screened. They are raised by a pump to the top 
of an aerating tower, 10 feet in height, and formed of louvred boards like 
a water cooler. As the liquid trickles down this tower it is exposed in 
fine subdivision to the action of the air, with the view of oxidising and 
rendering inoffensive any free sulphuretted hydrogen. At the base of 
























TRADE WASTE WATERS. 


168 

the aerating tower a iilook of ahimino-ferrie is placed as a precipitant, 
and the li(]nid is passed tlirongh a series of four settling tanks, the lower 
portions of which are in tlic form of inverted pyramids. Baffle boards are 
provided to direct the current of li(iuid downwards, and the overflow from 
one tank to the next hikes place over a sill e.vtending over the whole 
width of the tank so as to reduce the velocity of the current. * At the 
outlet of the final tank the liipiid has to pass through a fdtflr of fine wood 
shavings. The tanks are so arranged that the sludgis which collects in 
the pyramidal hottoms can he removed under the hydraulic head of the 
supernatant water without throwing the tanks out of use. The sludge 
thus removed is very lirpiid and is discharged on to sludge beds where the 
water separates, being partly removed by underdrains and partly allowed 
to escape by swivid pipes, and is retunual to the sump to be mixed with 
the crude refuse. The sludge pipes in the settling tanks are brought up 
with open ends to the top of the tank, so that they can be rodded if they 
become blocked. 

The analyses given in Table XLVlll. show the result of this treatment, 
and it will bo seen that, although the removal of suspended solids has 
hoen very complete and thei'e has been a marked reduction in the oxygen- 
absorbed figure, the amount of sulphuretted hydrogen in tlu! effluent is 
practically the same as in the cnide refuse. 

Summary.—In reviewing the various methods herein described for the 
purification of dyewaters, it will be noticed that the dyer can usually look 
for no profit from the treatment of his waste waters ; but although this is 
true on the whole, there are many ways in which the neitessity for treatment 
has led to economies which have at least partially re])aid him. Mention has 
already been made of the changes in the methods of dyeing, which have at 
least to some extent been brought about by the necessity of purifying the 
dyewaters; of the mi-dern dyeing machines, which napiire much smaller 
volumes of dye liipior and are more effective in exhausting the colours 
than the older vats; of the screens by mimns of which much valuable fibre 
is recovered ; of the recovery of indigo in indigo dyeing, and, finally, of the 
recovery and re-use of the washing waters. It is in this last direction that 
the greatest economy is likely to be effected. In every case where the 
water supply of a dyehouso is limited, and especially whore water has to 
be purchased, it would manifestly be to the dyer’s advantage to separate 
the cleaner washing waters from the rest of his wastes and to purify them, 
as is done at Bowling Dyeworks (p. 144) and in Waite’s plant (p. 136), so 
as to make them again fit for use in the dyehouse, leaving only the dirtier 
waters to be treated as refuse. 

One problem in dealing with dyewaters is the removal of dissolved 
colouring matters, but, generally speaking, it will be found that precipita¬ 
tion by the reagents mentioned, especially lime, will be effective in removing 
colour as well as in causing the deposit of solids. The dyer is to a certain 
extent protected with regard to the discharge of coloured effluents by the 
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definition in the Kivere I’ollntion I’reventioii Act, 1876, Section ?0, which 
says I’ollutiiig ’ siiali not include innocuous discolouration . . . 

and which is also rcjH'ated in other Acts ; but obviously a discolouration 
which may be innocuous under certain conditions may be very objection¬ 
able in other cases. In practice it is generally found that if all the 
suspoiided matters are removed from dyewater, and the effluent is dis¬ 
charged intft a running stream of considerable volume, the colour soon 
disappears ; but this is not always the case, for there are certain colouring 
matters, such as geranium red, used by paper makers, ami certain greens, 
used in the woollen trade, which are extremely persistent, and will stain a 
stream for miles. Kv(m such persistent c,olours can be removed by proper 
treatment ; for example, Mr E. llalliwell, F.I.C., has found that although 
a geraninm-red colour ])ersists after precipitation of the waste waters with 
alumino-ferric, because the colour lake formed wdth the alumina is soluble 
in the sidphate iirescnt, it can be removed by using aluminium chloride, 
inasmuch as the colour lake is not soluble in chlorides. 

Printing.—The ti-ad(^ refuse from print works (see Table XldX.) is 
usually very similar to waste dyew'aters. The colouring matter used is for 
the most jiart, however, applied to the goods by means of stamps or rollers, 
and for this ])urpose it must be thickened with such materials as starch, gum, 
albumen, or china clay, and as the proce.ss depends for its success upon 
all the apparatus and machinery being ki^pt thoroughly clean, there is a 
considerable amount of waste water resulting from tlu' washing of tubs, 
rollers, and “ backing cloths,” which carries some of the thickening agent 
witli it as well as colouring matter. The goods arc also often passed 
through baths of mordanting licpiors consisting of solutions of salts of 
chrome, iron, alumina, etc., and these are from time to time discharged. 
There are other waste waters from such processes as cleansing by 
soaping, eliminating the starch ustsl for thickei.ing with malt extinct, 
bleaching by chlorine, treating with decoction of cow dung to cleanse 
the white part of the goods, and the freejuent washing of the goods 
thus treated. At most calico printing works, moreover, the cotton 
goods arc bleached before being printed, and the strongly alkaline 
“boilings,” as well as all the other bleach-croft wastes, arc discharged 
with the general refuse. 

Apart from the presence of the kier liquor from the bleach croft at 
calico print works, which it has already been suggested should be dealt 
with separately, the chief point of difference between the discharge from 
printing and the waste water from a dychouse is that the former is liable 
to contain organic matters, such as starch, gum, albumen, coxv dung, and 
malt extract, and these render this liipiid more difficult to purify by 
chemical precipitation, and more amenable to biological methods of 
purification. * 

It is found in practice that the provision of catchpits on the drains 
from the different departments, and the frequent removal of the solids 
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retained'in tliem, render the mixed refuse much easier to purity and 
suitable for the application of any of the methods usually mlopted for 
purifying dyewatcrs. 

Stiffening and Loading.—In the finishing of cotton goods there are • 
various proee.saes for the application of stiffening materials, such as starch, 
size, and mucilage; the goods are often loaded with such suhstanties as 
china clay and insoluble salts of lime and baryta ; in rendering the goods 
waterproof and non-inflammable various reagents are added, such as salts 
of alumina, magnesia, and lead for the former purpose, and ammonium 
phosphate and sodium tungstate for the latter purpose; but as all these 
substances have a considerable value, and as there is no after-washing of 
the goods, the only polluting discharges from the processes come from the 
washing of the various utensils. These are small in amount, and when 
occurring in connection with bleach, dye, or print works have little effect 
upon the general discharges, and can be treated along with them. Where 
they occur separately they can easily be disposed of by evaporating them 
on the furnace ashes. 

In a few of the mills where heavy woollens are manufactured some of 
the pieces are stiffened by passing them through a strong atare.h liquor, 
the excess of which is .afterwards washed off in a “dolly” or washing 
machine. This waste starch liquor (see Table XLIX.), if mixed with .soa])y 
scouring refuse, renders the separation of the grease by the ordinary acid 
method of recovery exceedingly difficult. The starchy licpiid in such a 
case should be dealt with separately, and it cafi be purifitd by precipitation 
with aluinino-fcrric„8ettlement, and filtration. 

Carbonising and Stripping.—In raw wool there are numerous particles 
of vegetable material, in the shape of seeds, burrs, and small particles of 
grass, which have become entangled in the wool while still on the 
sheep’s back. In shoddy, which is woollen fibre which has previously 
been mannfaoturad, there are fre(iuently considerable amounts, averaging 
20 per cent, of its weight, of cotton fibre, and in both these cases the 
vegetable matter must be extracted by a preliminary process, as otherwise 
it would appear as specks or blemishes in the finished goods. This process 
is known as extracting or carlx)nising, and is essentially a conversion of 
the cellulose of the vegetable matters, by the aid of acid and heat, into a 
hydrocellulose, which, when thoroughly dried, is brittle, and can easily be 
shaken or beaten out of the woollen fibres. When sulphuric acid is used, 
the wool or shoddy is thoroughly soaked in dilute acid of some T03 sjiecific 
gravity, dried, and passed through a hot-air chamher, the temperature in 
which is some 80° 0. When hydrochloric acid is the carbonising agent 
the material is exposed to its fumes at a similar temperature, about 20 
gallons of spirits of salt being necessary for carbonising a ton of rags. 
The escaping acid fumes are condensed in a‘scrubber or water tower. 
When the wool or shoddy is removed from the carbonising chamber it is 
willeyed or shakep in a special machine to break up and sieve out the now 
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definition in the Kivere I’ollntion I’reventioii Act, 1876, Section ?0, which 
says I’ollutiiig ’ siiali not include innocuous discolouration . . . 

and which is also rcjH'ated in other Acts ; but obviously a discolouration 
which may be innocuous under certain conditions may be very objection¬ 
able in other cases. In practice it is generally found that if all the 
suspoiided matters are removed from dyewater, and the effluent is dis¬ 
charged intft a running stream of considerable volume, the colour soon 
disappears ; but this is not always the case, for there are certain colouring 
matters, such as geranium red, used by paper makers, ami certain greens, 
used in the woollen trade, which are extremely persistent, and will stain a 
stream for miles. Kv(m such persistent c,olours can be removed by proper 
treatment ; for example, Mr E. llalliwell, F.I.C., has found that although 
a geraninm-red colour ])ersists after precipitation of the waste waters with 
alumino-ferric, because the colour lake formed wdth the alumina is soluble 
in the sidphate iirescnt, it can be removed by using aluminium chloride, 
inasmuch as the colour lake is not soluble in chlorides. 

Printing.—The ti-ad(^ refuse from print works (see Table XldX.) is 
usually very similar to waste dyew'aters. The colouring matter used is for 
the most jiart, however, applied to the goods by means of stamps or rollers, 
and for this ])urpose it must be thickened with such materials as starch, gum, 
albumen, or china clay, and as the proce.ss depends for its success upon 
all the apparatus and machinery being ki^pt thoroughly clean, there is a 
considerable amount of waste water resulting from tlu' washing of tubs, 
rollers, and “ backing cloths,” which carries some of the thickening agent 
witli it as well as colouring matter. The goods arc also often passed 
through baths of mordanting licpiors consisting of solutions of salts of 
chrome, iron, alumina, etc., and these are from time to time discharged. 
There are other waste waters from such processes as cleansing by 
soaping, eliminating the starch ustsl for thickei.ing with malt extinct, 
bleaching by chlorine, treating with decoction of cow dung to cleanse 
the white part of the goods, and the freejuent washing of the goods 
thus treated. At most calico printing works, moreover, the cotton 
goods arc bleached before being printed, and the strongly alkaline 
“boilings,” as well as all the other bleach-croft wastes, arc discharged 
with the general refuse. 

Apart from the presence of the kier liquor from the bleach croft at 
calico print works, which it has already been suggested should be dealt 
with separately, the chief point of difference between the discharge from 
printing and the waste water from a dychouse is that the former is liable 
to contain organic matters, such as starch, gum, albumen, coxv dung, and 
malt extract, and these render this liipiid more difficult to purify by 
chemical precipitation, and more amenable to biological methods of 
purification. * 

It is found in practice that the provision of catchpits on the drains 
from the different departments, and the frequent removal of the solids 
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brittle .vegetalile matters. Finally, the acid remaining in the materials 
must 1)0 got rid of, and this is done by repeated washing or steeping in 
water, to which in some cases soda is added to neutralise the acid. In 
all cases, however, clean water is used for the final washing. 

When sh<)d)ly is made from coloured rags the colour often requires to 
be extracted, especially when the shoddy is to bo nnide into light coloured 
materials. This is usually elf'ectcd by “stripi)ing” the colours with 
sulphuric aciil, sometimes aided by an oxidising or reducing agent. The 
rags are boiled in an acid solution, containing some 15 to 25 per cent, of 
acid when an oxidising agent is used, and some 1 to 2 per cent, with a 
reducing agent, and this is afterw.ards run off and replaced by ii weak 
solution of soda to ncutridise the residual acid. 'ITie residual soda is then 
washed out by clean water. 

The discharges, therefore, from carbonising and stripping are very 
similar in character, consisting of the acid liquids, the alkaline neutralising 
liquids, and the Wiishing or steeping watera, all of which carry with them 
in suspension and .solution some iKilliiting matters which have been 
extracted from the materials treated. Analyses of these liquids are given 
in Table XLIX. 

The purification of such li)|uids is quite simple. If they are mixed 
together, neutralised, and effectively settled, the resulting effluent may 
generally be discharged to a stream, or may be used in the boilers of the 
mill. In some cases the effluent ju'oduced by treiitinent of this kind is 
re-used in the processes, but in such cases the manufacturer generally 
prefers to use clean water for the final washing of his materials, and this 
when discharged can scarcely be considei'od polluting. 

Mercerising.—This is a process iu which cotton goods arc treated under 
tension with a strong solution of ciuistic soda in order to give them a per¬ 
manent silky lustre. .Occasionally the soda liipiors are discharged after 
use, but there is no excuse for allowing them to escape into a stream, as 
the recovery of the soda is very profitable. The liquors are generally 
concentrated by evaporation and causticised as described on p. 88, when 
they are again fit for use. 


Fifr Biblioyraphy we. end of Chapter IX. 



(CHAPTER IX. 

THE TEXTILE 'rRADES— 

Piece aud yarn sceuring—Milling and fulling—Treatment of refuse—Grease recovery 
very profitable—Purilicalion works at Kowley Mills—Hopton Mills—Flannel manu¬ 
facture—Blanket scouring—Peel House Mill and Providence Mill—Summary— 
Bibliography. 

Piece and Yarn Scouring.—In the irreparation ot raw wool, and esjjoci- 
ally of shoddy, for spinning, considerahle quantities of oil or grease 
must be used, varying greatly according to the nature of the raw material, 
being, in the case of wool to be spun into worsted yam, only from 2 to 3 
per cent., while, in shorter-stapled wool, aud more especially in shoddy 
mixtures wliich are being made into lower-class woollen goods, the grease 
added may be as much as 2.") per cent, of the weight of the material. All 
this grease, with any dirt which may have been taken up in the processes 
of manufacture, must bo removed from the yarn or piece, and although 
the machinery employed for dealing with dilforent classes of goods varies 
slightly, the process is practically the same in all cases, consisting 
essentially of washing with soap, soda ash, or ammonia, or sometimes with 
fuller’s earth. 

In the Report of the Royal Commission of ld68*(Third Report, p. 20) 
frequent mention is made of state urine, pig’s blood, and pig’s dung being 
used as detergents, and at that time also human fmccs were used in some 
mills, but the value of these wiis chiefly due to the carbonate of ammonia 
they contained, and they have been almost universally displaced by soda 
ash (carbonate of soda) and soap. There are still, however, a few old- 
fashioned mills, especially in the blanket trade, where pig’s dung aud stale 
urine are used. 

It will be simplest first to describe the processes where soap and soda 
are employed as detergents. Just as the amount of oil present in the 
goods varies according to the nature of the material, so does the strength 
of the seak, or soapy solution, used for removing the oil. For example, in 
scouring worsted yarns it was found in one case that 6 lbs. of soap were 
used to scour 100 lbs. of yarn, and in this case no alkali was being used. 
At another mill, where li^t worsted goods were being scoured, 6 lbs. of 
soda ash and 2 lbs. of soap dissolved in 26 gallons of water wore used for 
scouring 100 lbs. of the goods, and this was followed by a second washing in 
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which scap alone was used to the amount of 4 lbs. dissolved in 20 gallons 
of water. Woollen pieces, especially those which are principally made of 
shoddy, contain, as has been said, very much larger amounts of grease than 
yarns or worsteds, .and the scouring process is therefore a more severe one. 
In some cases, indeed, only soda is used in making up the scouring liquid, 
when 7 lbs. of soda ash dissolved in 30 or 40 gallons of water may be 
ne(a'ssary for scouring 100 lbs. of the goods. It has beeft found that, 

generally speaking, three pieces, each about 30 yards in length, are 

scoured together, and that 2000 g.allons of water are used in the whole 
process, but this amount naturally varies according to the water supply 
available. 

As has been stated, the scouring operation is pnactically the same in 
every case. The goods are placed in a “ dolly ” or washing machine, 
provided with machinery for keeping them constantly in motion, and 
passing them alternately through the seak prepared as above, and between 
wooden rollons, which servo to press the seak into the goods and mix it 
thoroughly with the contained grease. When this p.art of the operation 
has continued for some half hour or more, w'atcr is turned on and sprayed 

over the goods as they revolve in the dolly, the outlet of the dolly is 

opened, .and the soapy water allowed to escape, and this “ washing-off” is 
kept up for an hour or more, until the escaping water shows no signs of 
saap or grease. 

Owing to the differences in the goods scoured and in the detergents 
used, the waste lupiids vary greatly in strength, altho\igh all are practi¬ 
cally of the same nature. The discharges from any one of the processes 
vary also .according to the stage of the washing at which the sample is 
taken. The first discharge is that of the soak or scouring mixture, with 
much of the dirt and oil extracted from the goods, and this and the first 
washing waters are se soapy that in most cases the grease is recovered 
from them as a valuable bye-product. This greasy water may roughly be 
estimated at a third of the total discharge ; as the washing proceeds, the 
e.scaping waters, although less greasy, are still highly polluting, and these 
may be reckoned as constituting another third of the toUd; the remaining 
third consists of cleaner waters which contain very little grease, and may, 
in some cases, bo discharged to a stream without detriment. 

Either before or after the pieces have been cleansed by scouring they 
have to be “milled” or “fulled,” a process of felting in which they 
are submitted to a violent pressing, kneading, or beating in the milling 
machine or fulling stocks, being first saturated with a strong solution of 
soap, to which carbonate of soda or fuller’s earth is sometimes added. 
When this milling is done before the pieces are scoured, the grease and 
soap are all removed in the scouring operation, but when the goods have 
been scoured before being milled, the soap, soda, or fuller’s earth intro¬ 
duced in the milling must be washed out, and this produces refuse very 
similar to that from piece scouring, although not so polluting. 
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In certain cases, particularly for the final cleansing of lygh-class 
worsted goods previous to dyeing, ammonia is used as a detergent, but 
this is always done in the dyehouse, and the resulting licpiids are only 
slightly polluting, and can easily be dealt with along with the dycwaters. 

In the scouring of carpet yarns fuller’s earth is generally used, and 
the refuse waters cannot be profitably treated for the recovery of the 
grease. Tluj refuse produced is very similar to that from the scouring of 
blankets with fuller’s earth, and can be purified by the method described 
on p. 196. 

All the above-mentioned soapy liqiiids are grey and turbid, with a 
frothy scum, and deposit considerable amounts of solid matter on standing: 
they soon putrefy, when they turn black and give oft' offensive smells: 
they are invariably strongly alk.alinc in reaction, and if discharged into a 
stream, they are liable to produce fungoid growths in its bed. 

The purification of these liquids is not a <lifficult matter. The first 
consideration is whether an attempt is to be made to recover the grease 
which they contain, and in that case the acid recovery process .already 
described in connection with wool suds is almost invariably adopted. The 
effluent produced by this acid treatment is, however, very much less 
polluting than that obtained from wool suds, inasmuch as it docs not 
contain any of the organic matters naturally present in raw wool; nor 
docs it require to bo as strongly acid as the wool-washing effluent, for the 
grease in jnece-scouring suds is much more readily separated. If effectively 
neutralised and filtered,‘it is generally tit to discharge to a stream. 

An excellent plant on this system has been constructed at Jlowley Mills, 
Lepton, by Messrs. Thos. Waite & Co., 3 Hillside Rodd Works, Bradford, 
for the occupiers, Messrs U. Beaumont <fc Sons (see Fig. 31). This firm 
carries on the business of “finishing” woollen and worsted goods, and 
the process from which liquid refuse is produced^ is piece scouring. 

The goods or pieces are first scoured in a washing machine with soda 
ash (carbonate of soda) and soap substitute (a patent alkaline preparation). 
After this scouring process the pieces are milled with the aid of a solution 
of soap, and this soap is afterwards washed out in the scouring machines. 
The amount of grease and soap in the refuse is comparatively small in 
this case, the goods which are scoured being mostly of light texture and 
containing little grease. 

The whole of the waste waters from the scouring machines, amounting 
to some 20,000 gallons a day, are conveyed to a sump of 4500 gallons 
capacity, from which they are pumped into seak tanks for the recovery 
of the grease. There are three seak tanks, constructed of wood, with a 
capacity of some 10,000 gallons each. They are fitted with small pipes 
through which air and steam are blown by an injector in order to 
thoroughly agitate and mij the contents of the tanks. When a tank has 
been filled with suds, vitriol is added to the amount of some 10 or 11 
gallons, and the tank contents are then thoroughly stirred up by means of 
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injected nir for seven or eight niiuutcs. Tlie man in clmrge tlieu takes a 
sample of the mixture in a glass vessel in order to ascertain whether the 
suds are thoroughly “ cracked.” If not, he adds a little more acid. If 
too much ac^id appears to have heen already added, he can add a little 
more of the suds, and a man who is accustomed to this kind of work can 
effectively separate the grease in the refuse without adding much jxcoss 
of acid. • 

After this “cracking,” the refuse is allowed to stand in the tanks for 
some three hours or more until tlu^ grease is thoroughly separated from 
the acid water. The latter is then run off through an outlet ahout a font 
from the bottom of the tank, to he further purified. 

'I’lio magma or greasy sludge remaining in the lank is run oil' hy a 
bottom outlet to one or other of four magma filters. The magma, 
howev(!r, is oidy run off after the tank h.as been twice filled and the 
contents “cracked,’’ so that each dis<!lm.rge of magma comes from about a 
day’s discharge of the refuse waters, or d0,000 gallons. 

'I’he acid watiu' fi’om the soak tanks is delivered into a wooden neutral¬ 
ising tank of d.hOO gallons ca])aeity, and from this is syphoned into another 
similar tank. The neutralising agent used is milk of lime, wiiieh is jire- 
pared in a special mixing tank of 440 gallons capacity, and is delivered 
into the channel wdiich convi^ys the acid water into the neutralising tanks. 
The <|uautity reckoned to be sufficient for neutralising the acid water of 
one of the soak tanks (10,000 gallons) is ahout .’50 Ihs. of (puck-lime. 
This amount is added to a tank full of water (110 gallons) and kept 
agitated by a mechanical stiri’er, worked from a shaft in the mill, and is 
gradually discharged at the same time as one of the sciik tanks. The 
lime water is thus thoroughly mixetl with the acid water in jiassing 
through the two neutralising tanks, and any I'csulting deposit settles in 
those tanks. 

The neutralised liquid passes out of the tanks by a syphon ])ipe with 
outlet about 2 feet from the bottom of the .second tank, and is conveyed 
by a wooden trough to a percolating filter 30 feet in diameter, composed 
of broken stone and ashes about 4 feet deep, and varying in size from 
2 inches at the bottom to j- inch at the top, the effluent from the filter 
being discharged to the stream. 

The distribution of the neutralised licjuid on the filter is efl’ceted by a 
patent sprinkler. The li(juid is discharged upon a small overshot water¬ 
wheel 3 feet in diameter and then distributed by a revolving tubular 
sprinkler of the common type. The water-wheel drives a shaft with a 
cog-wheel arrangement, l»y means of which the revolution of the sprinkler 
is aided. 

’When the neutralising tanks are being cleansed most of the liquid 
contents are run off to the sprinkler filter, tin* remainder, including ’the 
sludge, being discharged on to a small ash filter !l feet by 0 feet, but this 
has been found to bo much too small, and the liquid escapes from it by an 
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overflo,w to the stream. With care in letting off the acid water from the 
seak tanks, the amount of sludge which collects in the neutralising tanks 
is only very small. 

Each of the magma filters is I.? feet by 8| feet, and composed of 
furnace cinders 2 feet in depth, with a covering of bricks set with inter¬ 
vening spaces about half an inch in width. The water which drains away 
from the magma is received into a pump well from which,it is intended 
to be pumped back to the seak tanks. The magma, after draining, is 
shovelled into pieces of sacking and made into “ puddings ” in the usual 
way. These puddings average 12 lbs. in weight each, including the 
sacking, which weighs 2 lbs., and from each discharge of magma, repre- 


Tablb LI. 

SLUDGES TAKEN AT ROWLEY MILLS, LEPTON (G. BEAUMONT & SONS). 
{Rrsults expressed in parts})er cent.) 



Moist Sludge. 

* Dry Solids. 

Sample of 

Moisture. 

Organic 

and 

Volatile 

Matter. 

Ash. 

Organic 

and 

Volatile 

Matter. 

Ash. 

Nitrogen 

(Kjcl- 

dahl). 

Total 

Fatty 

Matter. 

Magma 

64-50 

34-30 

1-20 

96-70 

3*30 

3-14 

78-60 

Sludge from neutral¬ 
ising tank . * . 

69-75 

17-23 

13-02 

67-00 

43-00 

0-69 

40 00 


* The figures are calculated from an analysis of the moist sludge. 


sonting, as has been shown, the daily amount of 20,000 gallons of refuse, 
some sixty magma puddings are ustuilly made. 

Messrs Beaumont have made an arrangement with a firm of grease 
extractors who provide the vitriol required in the process of “ cracking,” 
and take all the magma made, paying for it at the rate of 16s. per ton 
net, i.e. deducting the weight of the sacking. 

Messrs Beaumont state that the total cost of the plant here described, 
including the alteration of drains inside the mill, was £600. The labour 
required is that of one man at 23s. per week, or £59, 16s. per annum, 
and the cost of the lime used as a precipitant amounts to £9 pur annum. 
As against this they receive about £02 a year for the grease. On these 
figures, allowing 10 per cent, on capital for depreciation and interest, and 
£5 per annum for the cost of steam used, but excluding the cost of the 
site, the net annual coat amounts to £82, or 3Jd. per 1000 gallons treated. 

A plan and section of the purification works are given in Fig. 31, and 
in Tables L. and LI. analyses of the refuse at various stages of the 
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purification. On comparing the organic nitrogen and oxygen-afcsorbed 
figures in the effluent from the neutralising tank and the final effluent, 
it is evident that a large amount of purification has been brought about 
by biological action in the percolating filter. 

In the heavy woollen trade, in which, as has been explained, nmch 
larger .quantities of oil are used, the process of grease recovery is much 
more profitable. One firm in the Batley trade, making army, railway, and 
police cloths, which weigh .30 to 40 ounces per yard, has kindly furnished 
the following particulars. During a year’s working 4000 pieces were 
manufactured, each 80 yards in length, in scouring which 1000 gallons of 
water were used per piece. The oil used in manufacturing these goods 
amounted to 59 tons 10 cwts. recovered in the soak plant and re-used, 
valued at £535, 15s., together with 16 tons 16 cwts. freshly purchased, 
valued at £261, 2s. 6d. The soap used cost £13, 15s. 4d., and amounted 
to 14 cwts., of which half, or 7 cwts., may be reckoned as oil, making a 
total of 76 tons 13 cwts. in all. Forty tons of soda ash were used for 
scouring, and cost £184, 7s. lOd. 

The piecc-scouring waters are all passed through a screening apparatus 
of the kind shown in Fig. 41 (p. 241), and pumped to a grease-recovery 
plant, very similar to that at Bowley Mills (p. 175), in which the grease 
is recovered by the aid of sulphuric acid, and the resulting effluent is 
neutralised by lime and strained through a cinder filter. 

The shoddy or greasy waste from the scribbling and carding machines 
is, in this mill, mixed with the magma and pressed for the recovery of 
the oil, and thus the amounts of oil recovered and of press cake are 
increased. 


The screening and seak plant, including pumps, 


presses, and filters, cost ..... 

£563 

0 

0 

The lime used in a year .... 

£1 

2 

0 

Labour (one man at 30s. per week) 

80 

0 

0 

Vitriol. 

. 42 

8 

0 

Steam and town’s water (for the hydraulic 




press) . 

50 

0 

0 

Cloths for the magma puddings . 

1 

11 

0 

Annual working cost . 

£176 

1 

0 

The oil recovered was 69 tons 10 cwts.. 




valued at. 

£635 

16 

0 

The flocks recovered wore 397 stones 

8 

6 

0 

49 tons of pressed cjke were sold for 

22 

8 

0 

Gross annual return 

£566 

8 

0 
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Tho profit and loss account may tliorofore be set out ali follows 

dross annual return.£566 8 0 

10 per cent, for interest and 
depreciation on £563 . £56 6 0 

Workiiij'costs . . 175 1 0 

Annual charges . . . 231* 7 0 

Annual ])rofit . . . £335 1 0 

It will be seen that of tbe oil used in the processes of manufacture 
some 77 per cent, is recovered and used over again, and similar figures 
have been obtained at another mill in the same kind of trade. 

At a null in the Huddersticld trade good works for the e.'itraction of 
grease from the liquid refuse produced in the process of scouring fancy 
woollens and worsteds have been erected by the Luugwood Mngiuceriiig 
Co., Ijtd. 

Only the thicker suds are treated, as the District Council are preparing 
a sewage scheme which will deal with the other w'aste waters from the 
mill. The suds are i)assed through l.arge sieve bo.\cs in connection with 
the washing machines, and afterwards through a patent flock catcher like 
that shown in Fig. 11 (|). 211), into a pump w'ell or sump, the quantity 
tre.'ited averaging 11,000 gallons per day. From the sump the refuse is 
])um[)ed to four wooden soak tanks of an average capacity of 3500 
gallons. Fach tank is fitted with an arrangement of p.addles on a central 
spindle, mechanically driven, and also with a half-inch steam pip(\ 

A tank is filled with the suds, the necessary quantity of vitriol (about 
11 gallons) added, tbe mechanical stirrer set in motion for about lifteen 
minutes, steam blown,into the li(]uid for about ton minutes, and the tank 
contents .allowcid to settle for about two hours. At the cud of this time 
the grease or magma has risen to the top of the liquid, and the clear acid 
water is run oil' from the tank by a bottom valve protected by a sleeve 
pipe, as do.soribed on p. 116. The tank is again filled with suds and the 
operation repeated, after which the sludge or magma is discharged to a 
magma filter, of udiich there are four. There it is allowed to drain until 
most of the acid water has been got rid of, when it is made into 
“ pndditigs ” by folding it up in pieces of sacking, each parcel weighing 
about 14 lbs. The puddings are pressed in a steam-heated press, working 
up to a pressure of 400 lbs. to tbe square itich ; here the grease and water 
are pressed out, leaving the solids behind in the form of a magma cake, 
which is stored and sold. 

The firm took very careful observations over a definite pei'iod, during 
which 6512 pieces were scoured, two-thirds woirllen and one-third worsted. 
The average weight of the pieces before scouring was 90 lbs., while the 
average weight of the finished goods was only 78 lbs., showing a loss of 
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12 lbs. per piece^ Ton thousand pounds of flock or fibre wore recovered. 
The amount of oil used in the manufacture of tlio goods was 18 tons, and 
39 tons of soap wore used for scouring, of which half may be reokone-d as 
oil, ora totol of 37i tons of oil. Forty-six totis of shoddy or waste fibre 
from the carding process were sold, containing 30 per cent, of oil, or 13| 
tons, and 17J tons of oil were recovered from the suds, or together 31J 
tons, or 83 per cent, of that originally present. The remaining 17 per 
cent, was lost in tin; washing-off waters and in the magma cake. 

The profit and loss account on the grease I'ocovery is stated as 
follows: -- 

Interest and depreciation at 71 per cent, per 

annum on cost of building. . . . £6 13 0 

Interest and depreciation at 10 percent, per 
annum on cost of plant . . . . 2(1 11 0 

Wages.34 10 0 

Vitriol, sacking, etc. . . . 47 0 0 

Steam. . 8 10 

Total . . .LI22 l.fi 0 

17^ tons oil recovered, at .£8 per ton . . £140 0 0 

10 tons magma cake, at 6 s. per ton . . 3 0 0 

Total . . £443 0 0 

tJredit balance for the period in which 6012 
pieces wore scoured.£20 5 0 

Tables Lll. and LIU. .show analyses of the various liquids and sludges, 
and from the acidity of the final effluent it is evident that a considerable 
quantity of acid was being wasted. 

In the plant last described, although the works are very effective for 
the recovery of grease, they are not designed to produce an effluent fit to 
discharge into a stream. This, however, can easily bo accomplished by 
treating the acid water from the grease-recovery process along with the 
alkaline washing-off' waters, when the two discharges neutralise oue 
another, and the fatty matters they may contain are precipitated and 
can e;isily be removed by sedimentation and filtration. This is the plan 
adopted at Hopton Mills, Mirficld, where a plant for the purification of 
the waste waters has been erected for Messrs H. Wheatley & Sous by 
Messrs Kirk & Sons, ArchitoqJ^s, Dewsbviry. The plant hius been at work 
for nearly six years and constantly giving excellent results. 

The manufacture carried on at the mill is that of imitation sealskins 
and woollen and union piece goods, rugs, blankets, and yarns, and the 
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processes from \^ioh the trade refuse is produced are piece and yarn 
scouring, and dyeing. Only yarn is dyed, ground logwood and bichromate 
of potash being used in the process, and the dyeing is only occasionally 
done. The spent logwood is recovered from the dye liquors in a catchpit 
fitted with a screen, and thus from the dyehouse only the screened dye 
liquors fiave to.bo dealt with in the purification works. 

The thicker piece- and yarn-scouring refuse is conveyed to seak tanks 
for the recovery of the grease. A considerable amount of calf hair is used 
in the manufacture of imitation sealskins, and this, as it comes from the 
tanneries, contains lime wliich has been used in the dehairing process, so 
that although the dry hair is first carefully “ willcyed ” or shaken up to 
remove the dust, the refuse liquids from the scouring of these goods 


Table LIII. 

SLUDGES FROM MILL IN HUDDERSFIELD TRADE. 
{Mesiilts e:tprcssed in yarls per cent.) 



Moist Sludge. 

* Dry Solids. 

Sample u 

Moisture. 

Organic 

and 

Volatile 

Matter. 

Ash. 

Organic 

and 

Volatile 

Matter. 

Ash. 

Nitrogen 

(Kjet 

dalil). 

Fat. 

Magma 

67*91 

39*43 

2-66 

93-69 

6*31 

• 

1-66 

76-69 

Pressed cake 

21-98 

67-05 

10-97 

85-94 

14*06 

4*55 

32-39 


* The figures are oaloiilatcd from au analysis of the fnoist sludge. 


necessarily contain a certain proportion of lime, which by neutralising the 
acid increases the cost of recovering the grease in the soak plant. The 
amount of grease to be recovered is also small in comparison with that at 
most woollen mills, as the goods are largely scoured with urine and soda 
ash instead of soap. 

The seak tanks, which are constructed of wood, are two in number, 
each a little over 6000 gallons capacity. They are fitted with air pipes 
through which air is blown by an injector in order to mix thoroughly the 
contents of the tanks. 

Four magma filters are provided to receive the greasy sludge from the 
seak tanks. They vary in size, but have a total area of 44 square yards. 
These filters are composed of engine ashes about 2 feet in depth, covered 
with a layer of spent logwoi^ from the dye vat, which is renewed each 
time the magma is removed. 

The magma which has been run on to the magma filters is allowed to 
drain there for two or three days until most of the acid water has been 
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got rid of. It is tiien removed in tlie ordinary way, In sliovolling, and 
made into “imddings,” enclosed in sjmkiug and weigtnng about 14 lbs. 
each. These are put into steam-beated presses worked by band, and the 
expressed oil and water are convoyed to a tank, where the oil rises to the 
top and can bo skimmed off, while the watery liipiid is discharged to the 
purification works. The oil is purified in .another tank by the .addition of 
a farther quantity of .acid and by being agitated by live steam, and here 
also, after settling, the watery contents are run off from the bottom of the 
tank to the purification works, while the oil is retained and re-used in the 
manufaeturing processes. 

The magma cake from the oil presses amounts to 7 or 8 cwts. per week, 
and is sold for 6s. per ton. 

The grease in the seak tanks is separated as usual with vitriol, and the 
acid lank oflhnmt and the acid water separated fi'om the gnaisc, as well as 
the licpiid draining from the magma filters, ar<! passed on to the purification 
works ])roper, along with the remaining refuse from tlu^ mill. This 
consists of the final washings of the ])ieocs and yarn and the dyewaters 
when dyeing is being dtaie. 

Tlie further purification works consist of sc'ttlitjg tanks .and filters. 
The tanks are two in number, each 38 feet by 27 feet by .1 feet deep, 
and togetber have a capacity of 64,000 gallons. In each tank the refuse 
is received in a wooden tnmgh which runs the whole length of the top 
wall of the tank. Each tank is subdivide.d by a cross wall through which 
the licpiid jiasscs by seven openings at a depth of 4 feet from the surface 
of the licpiid, and lias a wooden trough idong the' whole Icaigth of the end 
wall for receiving the tank overflow and dcliveilng it into the outfall 
channel. 

Hy these means the licpiid is delivered into the tank over a sill 
extending the whole width of the tank, its direct flow is baffled at the 
centre of the tank and directed downward, and the tank effluent is 
eollected over a similar sill. The velocity of the; current through the 
tank is thus equalised over the whole width and reduced to a miniinuni. 
By directing the licpiid underneath the mid-wall the tank contents arc 
more thoroughly mixed, and any floating matter is retained, and in addition 
a Kcuniboard fixed before the collecting trough koceps back floating leaves 
and any further scum formed in the second compartment. 

The two tanks can bo used either separately or in series, and either of 
them can be put out of use for cleansing. They are provided with floating 
arm outlets by means of which the licpiid part of the contents can be 
discharged while the sludge is retained. The bottom of each tank is 
dished to a sludge outlet. In ordinary working the tanks are used in 
series and the refuse is continuously flowing ^through them. When one 
tank is being cleansed the top water is run off down to the sludge and the 
sludge swept out, and meanwhile the other tank is used. 

For the tank effluent two filter beds ha,vc been provided, each having 




Fig. 33.—Purification Works at Hopton Mills, Mirfield, 
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an area of^86 square yards. The filtering material is engin^ciinker 2 feet 
6 inches in depth, mostly consisting of pieces between 2 inches and half an 
inch in diameter, hut with a fine layer on the surface of pieces varying 
from a quarter to one-eighth of an inch. Two sludge filters have also 
been provided, each about 37 square yards in area and constructed like 
the top-water filters. The effluents from both sets of filters aro^ discharged 
to the stream. 

The works are intended for the use of a cliemical precipitant if that 
should be necessary, but so far no precipitant has been found necessary, 
the acid discharges from the scak plant being neutralised by the alkaline 
washing-off waters, and the mixture of the two licjuids bringing about a 
precipitation. 

The daily .amoiint of refuse is estimated approximately at 15,000 
gallons, and of this amount about a quarter is [)asscd through the seak 
plant, but the works are capable of dealing with larger quantities. 

Over a given period Mr Wheatley took very careful observations of the 
amount of work done, the cost of treatment in the scak plant, and the 
value of the oil recovered, and finds that, in a fortnight when some 120 
pieces of sealskins and 35 pieces of woollen and union goods were dealt 
with, the results for the grease-recovery part of the process were as 
follows:— 


Vitriol, 23^ cwts., at £1, 17s. fid. a ton 

£2 

4 

0 

Wages. 

1 

10 

0 

Depreciation^ steam, and interest on 
capital expended in seak and grease- 

recovery plant. 

1 

14 

0 

• 

£6 

8 

0 

Against this were: 

16 cwts. of oil, at 9s. per cwt. . 

£7 

4 

0 

Magma cake, 15 cwts., at 6s. per ton 

0 

4 

6 







8 

6 

Balance 

£2 

0 

6 


At this rate of working this part of the plant would yield a profit of 
£50 per annum after all expenses have been paid. 

The total cost of the plant was £953, including £73 for the seak tanks 
and magma filters, £80 for the oil-pressing plant, and £800 for the purifica¬ 
tion works proper, without making any allowance for the value of the site. 
The labour required in attention to the latter ^orks amounts only to 
2s. fid. per week, or £6, 10s. per annum, and the interest and deprecia¬ 
tion may be taken to be £80 per annum (in addition to the allowances 
for the grease-recovery plant). So that at the above rate of working 
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the actuiit net cost per annum is .£36, 10s. Under present conditions 
this amounts to nearly 2d. per 1000 fjallons, hut it must be borne in 
mind that the plant i.s designed to deal with twice the present average 
volume of refuse. 

Fig. 32 shows a ground-plan of the works, which luas been kindly 
furnished by .Mr Kirk, and a photograph is given in Fig. 33. Saniples 
have from time to time lieen taken of the various liipiids before and after 
purification, aiul the analyses are given in Tables LIV. and LV. 

ft should be mentioned that the ciMuents arc discharged into a very 
small stream. It is clean but ochrey above the mill, and was formerly 
always grossly polluted by the mill refuse, but now shows no apparent 
pollution after receiving the effluents. 

Taui.k I.V. 

.SI.UDGES TAKEN AT IIOITON Mll.hS (IfENKY WHEATLEY & SONS). 
{lif’-viifs t\rpn'Stied iuparL'i per cent.) 


Moist Sludge. i * Dry Solirts. 


Sauijilu of 


Organic 


Organic 


: 

Nitrogen, Fat after 


Moislme.;Y , 

A.sfi. 


Asli. 

(Kjcl- 

Acidifi* 



Matter. 


Mattt'r. 


dahl). 

oatnm. 

Air dried sludge from 








sludge lilLers . 

• 4 7 ■29 

30-82 

;i]-89 

68-47 

41-63 

3*70 

22-72 

Magma as put into 








“puddings” . 

48*76 

48-88 

2-38 

96-31 

4-66 

0*41 

85-84 

I*russed magma cake . 

30*00 

61 

8-48 

87-88 

12-12 

5-61 

40-25 


* The figures are calculated from an analysis of tlic moist sludge. 


As has been explained, where worsted pieces arc scoured the amount 
of grease present is coinparativrdy small, and many manufacturers do not 
make any attempt to recover it. In such cases the purification of the 
wa.ste waters is usually effected by precipitating the greasy matters and 
other impurities by means of lime and alumino-ferric or similar pnmipitants, 
and by afterwards settling out the solids in tanks and 61tering the tank 
effluent. 

Flannel Manufacture. —A similar course is usually adopted at mills 
where light flannel goods are made. The following is a description of 
purification works on this principle at a mill employed in the manufacture 
of flannels. 

'The polluting processes in connection with the manufacture are three 
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in number—wool washing, wool (and cotton) dyeing, and piece# <couring, 
but it is from the piece scouring that the bulk of the polluting liquids is 
discharged. 

The wool washing is .scarcely comparable to that in other branches of 
the wool trade, for only wool which has been previously washed is used, 
and the cleansing jiroccss it undergoes is a second washing to enable it to 
take dyes readily. It loses, on an average, 16 per cent, of its weight in 
the washing. The wool is placed in a perforated metal casing, which is 
iniuicrscd in a small tank tille<l with hot soapy or alkaline licpiid, and after 
being thoroughly soaked it is rinsed twice or thrice in clean water. The 
liquid in the tank is used over and over again, being strengthened from 
time to time with fresh alkali or soap, and is only discharged at long 
intervals of a month or two. It thus becomes highly polluting, but is 
only sm.-dl in volume. The water in which the wool is rinsed is only 
slightly polluting, the final washings laung nearly pure water. 

'J’be dyeing is done “ in the wool,” and aniline colours, logwood (with 
chrome mordant) and indigo (in woad vats) are all used, but the indigo 
dyeing is usually done on other premises by “country” dyers. The loose 
wool is immersed in a vat or dye pan of the hot dye licpiid and allowed 
to soak for some time. It is then usually withdrawn from the dye vat 
and jdaced in another tank filled with (dear cold water, in order to cool the 
matei'ial and to wash off e.xcess dye. The dym pan.s are sometimes emptied 
after each operation, but frecpiently, and esjiecially when aniline colours 
are used, are only partially run off and filled up again with fresh dye 
water. In the indigo vats the woad method of dyeing is generally used, 
and the vats are only discharged at long intervals. The dyewaters, 
especially those containing logwood or indigo, are very polluting, but the 
washing-off W'aters arc frequently oidy slightly fouled. 

After the goods arc manufactured they are millf d and scoured. Milling, 
as has been stated, is a felting process by w hich the interstices between 
the fibres of the cloth arc closed up and the goods are made soft and fleecy, 
shrinking greatly in the operation. It is done cither by beating the pieces 
in stocks or by passing them repeatedly through a milling machine, soapy 
liquid being added in either case to moisten them. The amount of liquid 
used in this process is small, and usually all absorbed by the goofis. After 
being milled the pieces are scoured in a washing machine with a consider¬ 
able quantity of hot soapy water, with which soda ash, or carbonate of 
soda, is generally mixed. When the washing machine containing the goods 
has been run for some time with this soapy liquid, the liquid is discharged 
and the pieces are wivshed off in the same machine in several quantities of 
clean water until all the soap has been washed out. The scouring liquid 
when discharged is thick and almost jelly-like on cooling, and very highly 
polluting, the first wa3hi»g-off w'ater is little better, but the final washings 
consist of almost clean water. 

All the waste waters, amounting to 7600 gallons per day, are discharged 
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to a suEfp, from which they are pumped to the piirihcation works. This 
sump has a capacity of some 1300 gallons, so that it allows of a consider¬ 
able mixture of the different kinds of refuse, and this is certainly an 
advantage in the treatment. From the sump the liquids are piimpod 



a height of 10 feet to a settling tank of 9000 gallons capacity, passing 
into it through a channel 10 feet long, fitted with bafflers, where the 
precipitants are added. This tank is fitted at the end with a perforated 
sine scumboard, and discharges into a second exactly similar tank, the 
outlet pipe from which delivers on to an ash filter of 40 yards area by 
an open wooden channel fitted with bafflers. Each tank is fitted with a 
floating arm outlet which also delivers on to the filter, and with a sludge 


Fio. 34.—Purification Works at a Flannel Mill. 
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in number—wool washing, wool (and cotton) dyeing, and piece# <couring, 
but it is from the piece scouring that the bulk of the polluting liquids is 
discharged. 

The wool washing is .scarcely comparable to that in other branches of 
the wool trade, for only wool which has been previously washed is used, 
and the cleansing jiroccss it undergoes is a second washing to enable it to 
take dyes readily. It loses, on an average, 16 per cent, of its weight in 
the washing. The wool is placed in a perforated metal casing, which is 
iniuicrscd in a small tank tille<l with hot soapy or alkaline li(juid, and after 
being thoroughly soaked it is rinsed twice or thrice in clean water. The 
liquid in the tank is used over and over again, being strengthened from 
time to time with fresh alkali or soap, and is only discharged at long 
intervals of a month or two. It thus becomes highly polluting, but is 
only sm.-dl in volume. The water in which the wool is rinsed is only 
slightly polluting, the final washings laung nearly pure water. 

'J’be dyeing is done “ in the wool,” and aniline colours, logwood (with 
chrome mordant) and indigo (in woad vats) are all used, but the indigo 
dyeing is usually done on other premises by “country” dyers. The loose 
wool is immersed in a vat or dye pan of the hot dye licpiid and allowed 
to soak for some time. It is then usually withdrawn from the dye vat 
and jdaced in another tank filled with (dear cold water, in order to cool the 
matei'ial and to wash off e.xcess dye. The dym pan.s are sometimes emptied 
after each operation, but frecpiently, and esjiecially when aniline colours 
are used, are only partially run off and filled up again with fresh dye 
water. In the indigo vats the woad method of dyeing is generally used, 
and the vats are only discharged at long intervals. The dyewaters, 
especially those containing logwood or indigo, are very polluting, but the 
washing-off W'aters arc frequently oidy slightly fouled. 

After the goods arc manufactured they are millf d and scoured. Milling, 
as has been stated, is a felting process by w hich the interstices between 
the fibres of the cloth arc closed up and the goods are made soft and fleecy, 
shrinking greatly in the operation. It is done cither by beating the pieces 
in stocks or by passing them repeatedly through a milling machine, soapy 
liquid being added in either case to moisten them. The amount of liquid 
used in this process is small, and usually all absorbed by the goofis. After 
being milled the pieces are scoured in a washing machine with a consider¬ 
able quantity of hot soapy water, with which soda ash, or carbonate of 
soda, is generally mixed. When the washing machine containing the goods 
has been run for some time with this soapy liquid, the liquid is discharged 
and the pieces are wivshed off in the same machine in several quantities of 
clean water until all the soap has been washed out. The scouring liquid 
when discharged is thick and almost jelly-like on cooling, and very highly 
polluting, the first wa3hi»g-off w'ater is little better, but the final washings 
consist of almost clean water. 

All the waste waters, amounting to 7600 gallons per day, are discharged 



192 


TEADE WASTE WATERS. 


These purification works wore constructed under the advice and super¬ 
vision of iilr U. W. Oddy, of Rochdale, who has constructC(l a large number 
of similar works in the West Riding and in Lanaishire. Tliey cost in all 
£25-2, iiududing the drains, pump well, pump, etc., and Mr Oddy considers 
the plant cai)al)le of dcaiing tlioronghly with 9000 gallons a day. 

Taking the interest and depreciation at £20 per annum, the labour at 
£7, the cost of precipitants at £lfi, and the cost of steam at £.0, the 
annual cost of Ire.atment amounts to £00, or .O'fi pence per 1000 gallons 


Taulk Lvr. 


RKKUSK FROM FLANNEL MANUFACTURE. 


{lUsulfH cicprcsxcd niparlxper 100^000.) 


Nfitiin* of Lifjunl. 


Total 

SoUdb. 


Solids in 
SusjKMisioii 
(druid at 
100“ C.). 


Solids in 
Solution 
(dried ui 
100“ (!.)• 


Total. 


Asli. 


Total. 


Asli. 


Nilrogen. 



Kiver water used 
Well wiitfi Uhed . 
Wool-w.ibliiii;.; li'luid 
First wool i'insiii.i; 
Second ,, ,, 

Cotton dye wattir 

,, ,, wasliin^-oll 

ChiHtme luiuor . 

,, wa^liuif' oil 

Logwoiid liquor . 

„ Wiislnno-olV . 
First wash, jiiece 

scourinj; . 

Second ,, ,> 

Third „ „ 

Mixed crude waste 
Mixed tank ellUient . 
Mixed tinal ellluent . 


14*4 



14*4 

9*6 

0*005 

0*027 1 

0-11 

23*4 



23-4 

21 -5 

0*023 

0-002 ' 

24-83 

0-65 

2(>(i4-0 

29-1) 

883*2 ■ 
5-2 ' 

54-t 1720-8 1 
0-2 24-4 

.2-26'-1 

18-8 

9*89 

0*11 

U-116 ■ 

19-2 

3*0 

0*1 

16-2 

11*4 

0*054 

0 066 ! 

0-23 

trace 


471-0 

432 0 

0-49 


2-.50 

80 0 


80-0 

71*0 

0*005 


0 53 

160 0 

67 ‘0 

2-0 

93-0 

75 0 

0*30 ■ 


1 70 

4.5 0 

4 0 


41-0 

32-0 

0*62 ; 


0*39 

100 0 

13*0 

1 0 

87*0 

58*0 

0*14 i 


1*36 

35-0 

4 0: 

1-0 

31 0 , 

23-0 

0*07 

1 ... 


786*6 

506-0 ! 

17*0 

280*6 1 

118*6 

11*4 


8*03 

156*0 

94-4' 

8-4 

61-6: 

41*6 

1*53 


2*06 

133 0 

1 77 0 

12-0 j 

56*0 ' 

36*0 

()*094 


1 1*17 

293-6 

196-0 

23-6 

97*0 . 

60*0 

2*10 

1*20 

1 4-00 

982 

8-8 

6-0 

89*4 ' 

83*4 

1*15 

0*13 

' 0*43 

94*6 

l!-0 , 
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91*6 j 

83 0 

1*00 

0-096 

, 0*37 

1 



0T5 

O-OOG 

62-23 

0*72 

0-1)0 

18‘80 

1-77 

5-20 

0-94 

27*90 

1*93 

44*40 

9-20 

5-48 

15*30 

0-88 

0-74 


treated. The comparatively large cost per volume treated is due to the 
relatively large cost of works dealing with small volumes of refuse. In 
this case, for example, the interest and depreciation on the plant account 
for 2'0 neuce, or half the total cost per 1000 gallons. Moreover, in a small 
mill such as this it would not pay to put in a grease-rceovery plant, the 
return from which in a larger mill would at least pay for the eost of 
precipitants. In some other flannel mills, the manufacturers recover the 
grease and find it profitable to do so, and oven when the grease recovery 
yields no direct profit, it may do so indirectly, inasmuch as the acid 
efiluent produced may servo to neutralise and precipitate the rest of the 
mill refuse (see p. 186). Analyses of samples of the waste waters and of 
the final efiluent arc given in Table LVI. 
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Blanket Scouring.—The scouring of blankets may be considored to 
come midway betw(!eu wool washing and piece scouring, inasmuch as the 
raw wool is often carded, spun, and woven before it undergoes any cleansing 
process, and the refuse discharged thus contains the organic matters of 
wool-washing suds, as well as the oil and the soap or other detergent of 
piecejjscouring suds. 

In blaukst scouring two methods arc employed. In the first the goods, 
as they come from the looms with their n.itural impurities and the oil 
added in carding, arc scoured with soap and soda like ordinary piece goods 
and afterwards milled in a soap solution, which has then to be washed out 
with considerable volumes of cleiin water. This is the method adopted at 
the Peel House Mill of K. T. Riley & Son. 

At this mill there is also a carbonising process, in which, as has 
already been described (see ]). 170), vegetable matters are removed from 
the wool by an acid treatment, and the acid is afterw.ards washed out or 
neutr.alised with soda. The thicker scouring suds are pumped to two seak 
tanks, where the grease is recovered. The washing-off waters after scouring 
and milling are all drained to a separate pump well, from which they are 
raised to a settling tank, receiving ou the way a dose of sulphuric acid to 
ensure the se])aration of the grease. The acid effluent from the seak tanka 
is also conveyed to this settling tank, where a large amount of grease 
separates and is dealt with like the magma from the soak tanks. The 
tank effluent overflows on to two shallow filters, which are, however, 
used more as settling tanks than as filters, and from these a further 
amount of grc'ase is obtained. The (itfluent from these filters is passed 
through further filtei-s, of which there are four in two series. The filters 
are composed of broken stone upon a foundation of stone pitching, and 
covered with a 3-inoh layer of ashes from the mill furnaces. 

The cost of the works, which are not very substantially built, was 
£260, not including the cost of pumps and magma press. This at 10 per 
cent, for interest and depreciation amounts to £26 per annmh. One man 
gives his whole time at £60 per annum, and pumping and repairs are 
estimated at .£1.6 per annum. Seventy tons of vitriol are used annually, 
but 25 tons of this are used in carbonising, leaving 45 tons at a cost of 
£90 per annum used directly for grease recovery. The total annual cost 
is therefore £191. The (juantity of oil recovered is 29 tons per annum, 
worth £232, and this is recovered from 14 tons of oil used in the carding 
and spinning, 12^ tons in the soap used, and some oil contained in the 
wool. In the magma presses 33 tons of cake are produced, worth £8, 6s. 
per annum. The whole process, therefore, is remunerative. 

Table LVIl. shows the nature of the refuse produced and the results 
of its treatment, and the purification works in use are shown in Fig. 36. 

In the second mothod«of blanket scouring, fuller’s earth is used as a 
detergent instemi of soap. The goods from the loom are milled in fulling 
stocks with fuller's earth and water and afterwards thoroughly scoured with 

13 
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Fio. 36.—Purification Works for Blanket^scouring Refuse. 
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Coarse fibres, weighing 33‘67 parts per 100,000, were sieved out before analysis. 






196 


TRADE WASTE WATERS. 


clean water in wasliin^ machines. Tliis is the process adopted at Providence 
Mills, Eai’lshoaton, where Messrs W. (Ireeiiwood and So’ns carry on the 
business of rug and blanket manufacturers, and liijuid refuse is produced in 
the processes of dyeing and scouring. Here Messrs (!. H. Marriott, Son & 
Shaw, Chvil ISngineers, Dewsbury, have constructed settling tanks and filters 
for tlic scouring refuse. The dyewaters arc discharged into the sewtr. 

The raw materials used in the mill are wool and shoddy, and to these 
oil is added before they arc spun into yarn. After the goods have been 
woven they are scoured with fuller’s earth to remove dirt and grease. 
The dirty water from this scouring process amounts to 25,000 gallons a 
day, and as some of the wool used has not been previously scoured, but 
contains its natural grease and dirt, and as something like 2 tons of 
fuller’s earth are used every week, it can be readily understood that the 
crude refuse contains a large amount of polluting matter. 

A ground-plan of the purification works is given in Fig. ST. The refuse is 
discharged from the mill through a small screening chamber, where alumino- 
ferric is added as a precipitant, and runs by gravitation into six settling 
tanks arranged in a special manner. They are provided with a central 
distributing channel from which the liquid can be led into any one of the 
six tanks. Each of the tanks is provided with an outlet into a drain 
which conveys the tank effluent to the filters. The inlets and outlets, as 
will be seen by referring to the block-plan, are so arranged that the refuse 
can be first turned into any one of the tanks and from it led through all 
the others successively. By this arrangement the refuse can be treated 
through the whole of the tanks, from number one to number six con¬ 
secutively, until number one reijuires cleaning, when it can be put out of 
use without interfering with the remaining five ; and again when number 
one has been cleaned and brought into use number two can be put out 
of use and the refuse (Jischarged through the remaining five in series, and 
so for the others. 

Each tank is 20 feet by 14 feet by 6 feet in depth, and holds 10,000 
gallons. There is a baffling wall across each, 5 feet from the inlet end, 
and at the bottom of this there are openings 12 inches high through 
which the liquid is made to jrass. To keep back floating grease, a scum- 
board is provided 3| feet from the outlet end, which dips into the liquid 
some 4 inches. A valve is provided at a depth of 3 feet from the surface 
of the liquid, and through this the top water is discharged when the tank 
is cleaned. A sludge valve is provided at the bottom, the floor being 
dished towards it to enable the tank to be readily cleaned. 

This arrangement of the tanks has several advantages. By always 
turning the refuse first into that tank whicli is next to be cleansed a 
stiffer sludge is obtained, and this is of special advantage in the case of 
a sludge containing much fuller’s earth and grease, as in such a case the 
sludge is invariably very retentive of water. The last tank in the series 
is always the cleanest and thus available for catching any suspended 
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matters which may have escaped from the others. In cleansing the tanks 
only one-sixth o^f the totsil amount of tank room need be out of use at one 
time. The repeated baffling walls and scumboards are also an advantage. 

One objection to these tanks is that the baffling walls reach down too 
near to the bottom of the tanks and the current is deflected so far down¬ 
wards that it appears to stir up and carry .along with it some of the solids 
which have hpen deposited. 

Kor dealing with the effluent from the scittling tanks there are two 
filters each 30 feet by 15 feet and 4 feet in deptli of material. They are 
filled with broken stone covered with screened clinker varying in size 
from 2-inch material at the bottom to J-inch at the toj), and are under- 
drained with special tiles. The filter effluent is discharged into a large 


Taulb lATll. 

SAMPLE.S TAKEN AT TUOVIDENCE MILLS, EARLSHEATON 
(W. GREENWOOD & SONS). 
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reservoir which receives also roof water and a little surf.aee water from the 
adjoining field in time of rain. 

There are three sludge filters, each 20 feet by 17 feet, and constructed 
like the effluent filters, but with only 18 inches depth of medium. These 
are also under-drained to the reservoir. After the sludge has dried to some 
extent upon the sludge filters it is harrowed on to the adjoining field. 

As has been mentioned, it is characteristic of sludge containing fuller’s 
earth and grease to retain an excessive amount of moisture, and the 
arrangements for dealing with the sludge have here been found quite 
insufficient. In five weeks’ working it was found that nearly 60 cubic 
yards of wet sludge accumulated on the filters, and this only dried to a 
very slight extent after lying there for two weeks. Fortunately part of 
the field adjoining the settling tanks lies much lower, and the sludge is 
now run by gravitation into a corner of the field. 

In this case probably the beet way of dealin_g with the sludge would 
be that described on p. 263, namely, to run it into trenches, which should 
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be covered up with soil as soon as possible. At another mill in Yorkshire 
where similar refuse is dealt with it has been found necessary to install 
sludge presses, the sludge cake from which is uscid for filling up hollows 
in the land and some of it for manure ; but the pressing of the sludge 
costs about iti. per ton of sludge cake produced. 

The results of the, above treatment of the trade refuse have been very 
satisfactory. Analyses of the crude and treated refuse and I'f the sludge 
produced will be found in Tables I.VIII. and LIX. llcforc these works 
were installed the water su 2 )ply for the mill was, with the exception of a 
little roof and surface wabn- during wet weather, taken from the town’s 
mains. For the last six nionllis the effluent from the jmrifieation works 
has been pumped from the reservoir to be used, mixed with town’s water, 

Taiilk IJ.X. 

SLUDGES TAKEN AT PROVIDENCE MILLS, EARLSHEATON 
(W. GREENWOOD A SONS). 

{Hrsufta in paii/t /nr rent.) 
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‘ The figures .are calcuhited from an analysis of Ihe moat sludge. 


both for the manufaetijring jirocesscs and for the generation of steam. 
Messrs Greenwood have found tho effluent fairly satisfactory for dyeing, 
scouring, and boiler use, and have thus been enabled to reduce their bill 
for town’s water by some £120 per annum. 

Tho cost of the purification works was £800, including the cost of a 
pumj) for raising the effluent to the cistern which sujyplics the mill. The 
cost of labour, including general attention to the works and dealing with 
the sludge, is estimated at 15s. per week. The amount of alumino-ferric 
used as a preciiiitant is only small—a ton, which costs £2, 17s. 6d., 
lasting for eighteen weeks. 

The total cost therefore, per annum, is as follows ; — 

Purification (Depreciation and interest on 

works t capital (10 per cent, on .£800) £80 0 0 

Labour and general attendance. . . . 39 0 0 

Precipitant . . . . ■ • 8 6 10 


Total 


£127 6 10 
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This would give a cost of just over 4d. per 1000 gallons treJted, but, 
as has been stated, this cost is nearly wiped out by the saving effected in 
the bill for town’s water. 

Summary.—On c-vamining the niothods for the purification of waste 
waters from the various bnuiches of the textile trades, described in the 
preceding pages, it will be noticed that in many eases the purification 
process may be profitable, or at least that its cost may bo to a great extent 
counterbalanced by the value of bye-products riicovercd. 

At mills where the whole of the refuse consists of soapy waters the 
grease recovered will go far towards paying the whole cost, and in 
favourable circumstances will even yield a handsome profit (p. 179): at 
bleach crofts the worst of the refuse can be treated separately so as to 
give a return which will at least pay for that part of the purification 
process (p. 100): in wool suds it has been shown that large amounts of 
valuable substances are present, which can bo recovered at a cost which 
more than recoups the manufactui'cr for the necessary operations, and 
which if run to waste enormously increase the cost and trouble of purifica¬ 
tion (pp. 114 and 117): and it has been pointed out that even in dealing 
with dyewaters the manufacturer may at least partially recoup himself for 
the expense of purification (p. 1.3S). 

It is very often found that waste waters of very different kinds are 
discharged from the same premises, as, for instance, piece scouring and 
dyeing refuse from the premises of a woollen manufacturer, or bleaching 
and printing refuse from the ju'cmises of a calico printer; or, again, that 
although the refuse may be from one trade ju'ocess, it may vary greatly in 
its polluting character, according to its immediate source, like the kior 
liquor compared to the other waste waters of a bleach croft; and in some 
cases, for example where there is piece scouring, the treatment of one 
part of the discharge maybe profitable. In such* eases it will generally 
bo much more economical to deal separately with the Ihjuids more difficult or 
profitable to treat, and to purify the residting effluents along with the rest 
of the refuse from the mill (see pp. 100 and 184). 

At the other extreme as regards impurity come the washing-off’ waters, 
which form the final discharge from practically every trade process, and it 
is often claimed that they are pure enough to be discharged to a stream 
without treatment. It must bo admitted that if carefully separated from 
other refuse they may be so, but there are many objections to their direct 
discharge. In the first place, the purer waters are discharged from the 
same machines and vats as the fouler liquids, and two sets of drains would 
be necessary if the former were to be discharged to the stream and the 
latter to purification works; in the second place, the necessary attention 
to the valves lor tuniing the liquids in the one direction or the other 
cannot or will not be gi\%n by the man in chai-go of the machines or 
vats; and, in the third place, the fouler liquids are usually more difficult 
to purify efficiently without dilution by the less polluted. It will often. 
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however,*^1)6 advantageous for a manufacturer to catch his cleaner waste 
waters hy a separate system of drains, either for <lirect re-use, or for 
separate purification so that they may be re-used; Imt if this is not done, 
it is generally preferable, from the point of view both of the manufacturer 
and the llivhrs Authority, first to recover any vabiable bye products and 
to treat in a preliminary way any refuse which may be specially in,tract¬ 
able, and then to mix the effluent from this process with tiro rest of the 
waste waters, including washing-off waters, for treatment in one set of 
purification works. 

From the foregoing deseriptious of works and .a stiidyof the special 
apparatus described in (lhapter XI., a suitable method of dealing with the 
waste waters produced in any branch of the textile trades can bi! easily 
selected. Where fibrous matter is present in the refuse it is always 
better to remove it by screening before attempting further j)urification, for 
when thus recovered it generally more than pays for the cost of recovery, 
whereas if .allowed to remain it greatly increases the volume of sludge, or 
it passes on to choke filters. In do.aling with siieh varying licpiids it is 
advisable that an averaging tank should be provided, where all the various 
discharges beconu; thoroughly mingled, or, where it is necessary to pump, 
a large sump serves the same purpose. This mi.xture often has the effect 
of producing a precipitation of tins solids, and even where this is not the 
case it renders more regular and certain the action of any chemical pre¬ 
cipitant which may be added (pp. 140 and lo.ff). Settling tanks are almost 
always necessary, and their form and arrangement must be determined 
after consideration (jf the available site .and its surroundings, and especially 
after deciding wdiether it is necessary or advantageous to resort to 
pumping. The use and choice of a precipitant should in .all cases bo 
settled only after careful tests, and the method of its application retplires 
equal care. For determining the snbseipient treatment of the refuse, the 
first consideration, as has already been suggested, is the presence or 
absence of organic matters derived from the raw materials, or in some 
few cases from the substances used in the processes of manufacture; when 
these are present some biological method may have to be lulopted as the 
final part of the treatment, such as has been recommended in the case 
of wool-washing and silk-boiling refuse: wdien they are absent, as, for 
example, in the waste waters from a dyehouse, a simple straining of the 
tank effluent is likely to suffice. 
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MISCELLANEOUS TRADES. 

(ialvaiiising, tinplating, and wiredrawing—The moist cupiier jirocess—Drainage from 
bliale heaps—Manufacture of copperas and alum—Alkali manufacture—Soaj) making 
—Grease extraction—Grease distillation—Oil in condensing water—Tar distillation— 
Mineral-nil refining—Tar sjiraying of roads—Glue, size, and gelatine manufacture— 
Slaughtering of animals, lionc boiling, tripe dressing, ti-otter boiling, tallow and 
dripiting preiiaration—Dairy and creamery refuse—Laundries—Sheeji washing— 
.Sheep di]iping—Stone sawing—Sand washing-Ore washing—China-clay washing 
ami grading—Gee’s centrifugal machine—Mineral-water manufaetuie, clay mixing, 
flint grinding, lile scouring, and cutlery grinding—Vai-nish and paint manufacture— 
Hect-sugar manufacture, sugar refining, and starch manufacture—Working of salt 
deposits—Conclusion—Bibliography. 

Galvanising.—The object of galvanising is to coat the surface of iron with 
a thin layer of zinc, which protects the mettil tmdcrucath from oxidation. 
The iron is sometimes first annealed to render it soft, and is then pickled in 
hydrochloric or sulphuric acid to dissolve or loosen the scale of oxide which 
rapidly forms on anj exposed iron, so as to leave a clean surface to receive 
the coating of zinc. The acid employed in the process is usually diluted 
with water till it has a strength of 12 to 15 per cent., although lower 
and higher strengths are used, and when it will no longer “ bite ”—that is, 
when it will not act quiekly enough upon the oxide of iron—it is discharged 
as “waste pickle.” The acid is generally used cold, although its eflTeot 
would be greater if it were warm. The pickled iron is thoroughly washed 
and sometimes rubbed with sand and then dipped into a bath of molten 
zinc, to which some flux, such as ammonium chloride, is added. 

It will thus be seen that the sources from which waste liquids arise 
are the pickling and the washing processes. The waste pickle from the 
pickle tank (see Table LX.) is a muddy liquid containing large amounts of 
oxide of iron in suspension, and in solution large amounts cither of chloride 
or sulphate of iron, and sometimes as much as 5 per cent, of free acid. 
The wash waters are of a similar nature, but more dilute. 

These liquids, if discharged to a stream, cause, like the ochre waters 
mentioned in Chapter II., a reddish-brown deposit in the bed of the 
stream, and, largely owing to their acidity, render the water incapable of 
supporting animal and vegetable life, or of being uked for industrial purposes. 
The injury that has been caused through such liquids being discharged 

into streams has been very serious, and is graphically described by the 
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1868 Commission in their Fifth Report (p. 34) in regard to the rivers of 
South Wales, and this state of matters remains still to a great extent 
unaltered, in spile of the fact, pointed out by tlie Commissioners, ibat the 
pollution is quite preventihle. 

In the first place, much acid is wasted either by discharging the 
contents of the pickle tanks too early or by iising the acid cold, and the 
quantity of wqshiug water can be much reduced by using a tank of water 
into which to dip the goods when they are removed from the pickle tank. 
This water, when cliargcd with acid, may be used to dilute the acid in the 
pickle tank when that is made up afresh. By attention to those matters 
the quantity of waste li(|uids can bo greatly reduced. In the second 
place, tile acid wbicli escapes in the waste pickle can be recovered and 
re-used, and the iron it contains can be separated from the sidphuric acid 
pickle in the form of copperas or ferrous sulphate, and from the hydro¬ 
chloric acid jiickle as oxide of iron, both of which have a commercial value. 

In order to recover copperas, the spent sulphuric acid pickle is run 
into a le.ad-lined tank containing scrap iron to neutralise the excess of 
.acid, and is there evaporated by means of steam coils ; and the concentrated 
licpiid after settlement is run into other lead-lined tanks, where, on cooling, 
copperas crystallises out. If scrap iron is not used to neutralise the acid, 
the latter becomes concentrated during the evaporation, and in that case 
the mother liipior, after the removal of the copperas, can be returned to 
the pickle tank. 

For the utilisation of waste' pickle containing hydrochloric acid. 
Professor Turner has patented a process (No. 16,166, 1888) in which the 
spent pickle is heated in a reverberatory furnace, with the result that 
hydrochloi'ic acid is liberated and oxide of iron is left behind. The liber¬ 
ated acid is condensed .and rc-\ised, whilst the oxide of iron is sold to be 
made into paint. This proce.ss has been adopted at the works of Messrs 
Walker Bros., Walsall, who purchased the patent rights, and is said to 
produce a prolit. 

Another method of utilising waste pickle is as a precipitant in the 
clarification of sewage or other waste liquids, and in some cases the waste 
pickle is carted to the sewage works for this purpose. (Icnerally, how¬ 
ever, it is preferable to admit the refuse gradually into the sewers, and to 
add lime at the sew.age works to neutralise the acidity and to precipitate 
hydrate of iron, which then carries down organic matters from the sewage. 

If one of the above processes is not adopted, and it is necessary 
to render this kind of waste fit to discharge to a stream, a sufficient 
quantity of lime must be added to neutralise the aeidity, together with a 
further quantity sufficient to precipitate the iron present in the solution, 
and settling tanks must be provided for the deposition of the sludge thus 
produced. With a sulphuric acid pickle the deposit consists of oxide of 
iron mixed with sulphate of calcium, and has little or no value, whereas 
the deposit from a hydrochloric acid pickle consists almost entirely of 
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oxide of iron, whioh can be made into paint. As tlie sludge produced is 
large in (piantity in comparison with the amount of riduse, the settling 
tanks should be of considerable size, at least c.apable of bolding two days’ 
flow, and subdivided to allow of fniqucnt and regular cleaning, and for the 
same reason a largo area of sludge filters is nocoasary. 

Even if the discharge of waste [lickle is prevented, as previously 
suggested, the washing waters cannot be considered fit to .bo diseharg(!d 
to a stream, and may have to be purified by lime precipibation in the 
manner just described, but as they contain comparatively little acid and 
iron their purification is much easier and less expensive. 

After treatment of this kind the tank ellluent will be an exceedingly 
hard licjuid, and in some cases it may have to bo softened to prevent 
injury to users of the stream lower down. 

Tinplating.—In the manufacture of tinplate the processes are essentially 
the same as those described under galvanising, cxee])t that a bath of 
molten tin is used instead of zinc. In galvanising, hydroildorie acid is 
more often ('luployed as the pickle, whereas in tinplating the use of 
sulphuric acid is more, common, altliough either may be ns('d. 'I'he waste 
Ikpiids can be dealt with as described above. 

Wiredrawing.—In wiredrawing, the iron or steel nsls as they come 
from the rolling mills are naluced in diameter by drawing them through 
successively finer hohw in steel blocks, liefore being drawn, however, the 
coils of wire are cleansed by being dipj)ed into a pickle of hydrochloric 
or snljdinric acid, exa(!tly ns in galvanising, or, in the case of very fine wire, 
into stile beer, which acts as a pickle on account of the organic acids it 
contains. On being removed from the pickle the coils are rinsed with 
water and dipped into a tank containing milk of lime to remove the last 
traces of acid and to check oxidation. 

It will thus be seen, that in wiredrawing, besidiM similar discharges to 
those produced in the operations of galvanising and tinplating, there is an 
escape of milk of lime from the coils of wire .as they arc removed from the 
liming tank. 

In the treatment of the refuse from wiredrawing care should bo taken 
to deal with the spent ])icklc separately by one of the methods suggested 
above, when the washings of the pickled wire and the discharges from 
the liming operation can be passed together into settling tanks, where the 
lime will precipitate any iron in solution. 

Whore stale beer is used for pickling, the spent pickle is of a grossly 
polluting character. If, as is usual, it forms only a small jiroportiou of 
the refuse discharged, it may bo mixed with the rest and treated in the 
same way. If, on the contrary, it is present in considerable proportion, 
this treatment will not bo sufficient, and recourse must be had to some 
biological method of purification, such as has already been suggested for 
the treatment of brewery refuse (see p. 63). Analyses of the various 
discharges from wiredrawing are given in Table LX. 
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The Moist Copper Process, —There is another source from whf h waste 
iron liquids are| discharjj;(!d. In the production of copper from copper 
pyrites, by what -is known as the moist process, the copper ore is roasted 
for the recovery of the sulphur, and is then again roasted witli common 
salt to bring the copper into the form of a chloride. This, with any 
sulphate present, is dissolved out in water, and the copper <lisplaced from 
solution by luoans of scrap iron, and when tliis displacement is complete 
the iron li<juor is discharged as refuse. Such a liquor contains large 
amounts of iron in solution, in one case .300 parts per 100,000 were found, 
but differs from tlic other waste iron liquids described in that it contains 
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at 26*7' C. 


< 

I’Dtal. 

In Sol. 
utlon. 

WuRto pickle 



18-0 

1*2*4 

11K)40*0 

6420*0 

999-0 


561 *1 

7000-0 

7000-0 

Waste pickle 
Bettleiiieiit 

after 

7r.2-2 

18‘2 

14*0 

734*0 

486*0 

17*4 



118-2 


Do. 



1*2 

1*2 

C(t7*0 

4r.4*0 

9*3 


45*2 

158-8 


Sediment in 
picklo 

waste 

353r> 0 

1016-0 

I2f)0 0 

19*20*0 

T210*0 

203*0 ‘ 



1628*8 

640'4 

Brewery refuse after 
use at wire works . 

1421l)-0 

1118*0 

358 *8 

13rt()2*0 

9860*0 

935*0 


'1080*0 

4089-4 

3955*0 

Final washings of wiro 

91-U 

31*0 

20*6 

00*0 

67*0 

0*6 

ft_ 

19*0 

'* 

8*7 



* Acidiby expressed in terms of lactic acid. 


no free acid. The iron can be removed by precipitation with lime in the 
same way as has been proposed for dealing with the refuse from galvanising. 

Drainage from Shale Heaps— Cuppa-aa Mmnfitelnre .—In the direct 
manufacture of copperas, a process is employed very similar to that 
suggested above for dealing with spent sulphuric acid pickle. The 
copperas is made by dissolving scrap iron, and especially the waste wire 
from wire works, in strong sulphuric acid, and afterwards evaporating the 
solution for the recovery of the crystals of sulphate of iron. From this 
process there should bo no liquid refuse except, it may be, from washing 
floors and vats. Another process, described in the Third Report of the 
llivcrs Pollution Commission, 1865, vol. 2, Q. 1926, is still in use, and may 
cause great pollution of streams. Shale containing large quantities of 
pyrites is piled in a heap,"sometimes half an acre or more in extent, and 
6 or 6 feet in depth, and exposed to the air and the rain. Ferrous 
sulphate and sulphuric acid are produced from the pyrites by oxidation, as 




206 


TRADE WASTE WATERS. 


has already been explained in describing the production of ochre water in 
a mine (see p. 9), and arc dissolved out by the rain, oi( in dry weather 
by sprinkling tlic heap with water. The li<jnid8 drainit.g from the heap 
are caught in a well and pumped back to percolate again through the 
shale until by this circulation they become sufticiently saturated with the 
ferrous sul[)hate. The strong acid solution is then treated with scrap iron 
to neutralise the excess of acid and evaporated in lead-linetT pans for the 
recovery of the co|)poras. So long, therefore, as the ])rocess is in complete 
operation there should be no liquid refuse discbai’ged ; but the heap of 
shale in coursi; of time becomes more or less exhausted of its sulphur, 
when the Ihpiid draining from it is so weak that its evaporation is not 
profitable and the shale is abandoned as useless. The oxidation of the 
pyrites still continues, and the water draining from such a heap in wet 
weather, although not containing so much ferrous sulphate as to pay for 
cva])oration, will for many years continue to be of a very polluting 
character. In one case, where such a heap had been left derelict for 
over five years, samples of the water draining from it were found to 
contain 4 per cent, of iron .and 2 per cent, of free sulphuric acid. 

A//im MannfiiHinr. —A somewhat similar acid discharge is produced in 
works where alum is manufactured from shale. In this process the shale 
is boiled with sulphuric acid, and the acid liquor, with or without the 
addition of the salt of an alkali, is evaporated down >mtil the alum salt 
crystallises out. The spent shale which has been thus treated is usually 
thrown on a waste heap exposed to the weather, and the rain washes out 
from it consideratje quantities of acid. In one such case the water 
draining from a heap of spent'shale contained 845 parts {)cr 100,000 of 
free sulphuric acid. 

Only one method can be suggested for dealing with waste acid liquids 
such as the above. THcy should be drained into a tank and neutralised 
with lime, and unfortunately these spent shale heaps continue to yield 
acid discharges for a long time, so that the treatment becomes somewhat 
expensive. If a spent heap contains enough carbonaceous matter to make 
it combustible, it may bo disposed of as fuel. 

Alkali Manufacture. —A somewhat similar source of pollution, but one 
which gives rise to a much more objectionable kind of refuse, is found in 
connection with the maniifacture of carbonate of soda by the Leblanc 
process. The carbonate of soda is produced from common salt by heating 
the salt with sulphuric acid to drive off the hydrochloric acid and to 
produce sulphate of soda or “salt cake.” This is then roasted with small 
coal and limestone to prodiice “black ash,” which is a crude mixture 
of carbonate of soda, sulphides, polysulphides, hydrate and carbonate of 
calcium, together with unused carbonaceous matter. This black ash is 
lixiviated with tepid water, to extract the carbonate of soda, and the mass 
remaining is thrown upon a spoil heap. Such a spoil heap may reach 
great dimensions and, being exposed to rain and the carbon dioxide of the 
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air, yields up its sulphides, which escape in the drainage waters! These 
cause great poH,ution of any stream into which they may bo discharged, 
and especially wijcn they come into contact with any acid liquid, which 
immediately liberates sulphuretted hydrogen with its offensive smell. 
They also form an objectionable incrustation on tho hanks and bed of the 
streaij. Table LXI., quoted from Mr Naylor’s book on Trades’ Waste 
(p. 244), gives an analysis of this incrustation, together with analyses of 
the fresh waste and the drainage from a waste heap. 

Fortunately, the prevention of such a discharge is a profitable 
operation, as the sulphur the waste contains can he recovered either in 


Table LXI. 

ALKALI WASTE AND DRAINAGE. 
{Jtemlls erprrsmt as percentages.) 


i Alkali 

1 Waste. 

1 

Inci'usta- 

tion. 

Drainage. 

Total sulphur. 

10*50 

2-90 

0-268 

Sul])hur as sulphate. 

9-67 

1-87 

0-036 

Snl]>hur as sulphide. 

0-01 

0-07 

0-078 

Oxidisable suljihur (by difference) 

0*83 

103 

0-232 

Carbonic acid. 

7-99 

16 AO 

none 

Coke. 

6-07 

• 1-82 

none 

Siliceous matter. 

13-82 

10-86 

0-002 

Oxide of iron and alumina. 

1*20 

0-77 

0-006 

Lime. 

21 *28^ 

22-90 

0-300 

Magnesia. 

0-23 

0-54 

trace 


the solid form or as sulphuric acid. The best known method of recovery is 
that of A. M. Chance, in which the waste is treated with carbon dioxide, 
made by heating limestone in kilns, and the sulphuretted hydrogen thus 
liberated is burnt either to sulphur dioxide by giving a sufficient supply of 
air, or to sulphur by giving a limited supply of air in presence of heated 
ferric oxide. This process is especially applicable to the fresh waste, but 
can also be applied to the liquid draining from an old heap; but, as with 
spent shale heaps, the old black ash waste will continue for many years to 
yield polluting drainage waters, which gradually become more dilute until 
the sulphur they contain does not pay for recovery. 

Fortunately, also, the Iftblanc process is not now that most commonly 
used for the preparation of carbonate of soda, as the Solvay ammonia-soda 
process, in which the alkali is produced by passing ammonia gas together 
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with carbon dioxide into a strong brine, has to a great extent taken its 
pbuse. The only refuse from this process is the mother jiquor, containing 
chloride of calcium, from which the ammonia has been distilled. This is , 
usiially run on to waste ground, where the lime salts arc deposited after 
the evaporation or percolation of some of the liquid. The water draining 
from such a dopo.sit is exceedingly hard and may be injurious to a .stream 
in that rcsi)ccl, but it is not offensive like the refuse from the Leblanc 
process, llecently this waste chloride of calcium liquor has been brought 
into use for the ])revcntion of dust on roads. 

Another still more modern process of manufacture is the best from the 
point of view of rivers pollution, for it produces no waste waters. In it 
the alkali is prepared by electrolysing brine, when chlorine is given off at 
one pole and caustic soda is produced at the other. 

Soap Making.—Curd soap is made by boiling up an oil or fat with an 
mpxcouK sobition of caustic soda, when the fatty acids of the oil combine 
with the soda to form a soap, leaving a solution of glycerine in the water 
present. By the addition of large quantities of common salt either in the 
solid statu or as strong brine, the soap is then BC|)arated in the form of a 
curd, and from this the “spent lye” is drained off. This lixjuid at the 
time of the ld68 Commission (First llepoi-t, j). 10.3) was discharged as 
refuse, but the Commission pointed out that it contained large amounts 
of glycerine, for which there was an increasing demand, and that the 
glycerine could easily be recovered from the spent lye by concentration 
and distillation. This recovery of glycerine has now become the most 
profitable part of the soap-maker’s trade, but as a rule, at least in the 
smaller soap works, the crude spent lye is sold to a chemical manufacturer. 
In such a case the discharges from the manufactxiro of curd soap should 
be confined to dirty waters which have been used for washing floors and 
utensils, and these are' only small in amount. 

In the manufacture of soft soap caustic i>otash is boiled up with an 
oil or fat, and the resulting product forms the soap, so that there is no 
spent lye to be disposed of, and the only waste waters are those from 
washing, which can easily be purified by precipitation with lime in settling 
tanks and straining through fine cinder filters. 

One process commonly in use at soap works may give rise to polluting 
discharges. This is the causticising of the carbonates of the alkalies with 
lime in the manner described on p. 88. From this process there may be 
a discharge of spent lime, but, as previously shown, this can only occur 
through carelessness or mismanagement. 

In the larger soap works the spent lye from the making of curd soap 
is concentrated and sometimes distilled for the extraction of the salt and 
the purification and recovery of the glycerine. The crude spent lye, 
which contains about 7 per cent, of glycerine and an equal amount of 
common salt, as well as albuminous, resinous, and soapy matters, is first 
slightly acidified with hydrochloric acid to separate any grease it contains. 
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It is then treated with an iron alum salt or alumino-ferric to pf^cipitate 
albuminoid organic matters, which are removed by passing the mixture 
through a filter press. The acid filtrate is rendered slightly alkrlinc with 
caustic soda, which causes the deposition of further impurities, and these 
again are removed i)y filter ])ressing. The lye thus purified is concen¬ 
trated in a multiple effect evaporator until most of the salt it contains 
crystallises oi»t, and the glycerine present amounts to some SO or K2 per 
cent. If a purer glycerine is reipiired it is obtained by distilling the crude 
product in a vacuum still, by extracting it with a solvent, or by dialysis. 

The waste waters ])roduced by the evaporation process arc the 
condensings (sec Table L.Xll.) and the residue remaining after distilla¬ 
tion, together with any water which has been dirtied in washing the floors 


T’AUTiE LX 11. 

RIVER WATER BEFORE AND AFTER USE FOB CONDENHATION OF DISTILLATE 
FRO.M CONCENTRA’ITON OF SPENT LYE. 

(UesuUs erpres-wd in parts 100,1)00.) 




Solids 111 
Su8|>t'n6ioii 
(dried at. 
luiro.). 

Solids in 
Sdlutloll 
(dried at 
100" C). 

Nitrogen. 

Oxygen ab¬ 
sorbed from 

N 

. peniiaii- 
80 

gaiiate in four 
hours at 

26 7" C. 

1 





Total 

SoloU, 

*« 

ce 

1 

s 

'2'< 
'0 a 

S — 

•SS 

sO 

'ti- 

“ww 

Hardness (In terms 
of CaCO.i). 



Total 

Asli. 

Total. Asli. 

S 


Og 

I’otal. 

By Fil¬ 
trate. 

< 

Total. 

Fermt. 

Tempy. 

Before use 

i'Z’S 

2-1 

1 9 

40 2 26-6 

0-(l() 

o-os 

0-31 

068 

0-6? 

16-9 

19 3 

10-9 

8-4 

After UBO . 

227-4 

13-0 

7-9 

214-4 203-2 

0T>8 

0-01) 

0-31 

1-11) 

0-93 

200-3 

39 

1-1 

2-8 

Uo. 

81-8 

6-4 

10 

75-4 53-8 

0-64 

0-26 

0-64 

3-34 

2-84 

24-4 

21-5 

9-3 

12*2 


and apparatus. Tlie residue after distillation is best disposed of by 
placing it on the ash heap, while the other refuse can be purified either 
by application to laud or by precipitation with lime and straining through 
cinder filters. 

Grease Extraction. —In connection with the wool trade, in which, as 
has been explained, large (piantities of greasy and soapy li(juors are 
treated for the recovery of the fats they contain, a subsidiary branch of 
trade has arisen for dealing with these liquors and fats. The grease 
extractor generally provides and works seak plants, such as those de¬ 
scribed on pp. 112 and 175, at mills where wool-washing or piece-scouring 
suds are discharged, and removes to his own premises the puddings of 
magma or greasy sludge. These puddings are put into a steam-heated 
mechanical press and subjected to great pressure, sometimes as much as 
2 tons to the square inch.* By this means most of the water and oil are 
expressed, and these are received into a grease separator or largo cask 
where the black oil separates from the water. The water is drawn off 

14 




2JQ TRADE WASTE WATERS. 

from thb bottom of the cask and parsed through one or more ad^tional 
separators to intercept m, much of the oil as possAlo. it 
stm a very i.npure liquid (see Table LXIII.), highly ac. m reaction 
carrying with it appreciable amounts of oil in emulsion The o>l ‘^e 
sopaLL is partially piirihed by being heated up with -mewhat ^t 
viliol, and ill some cases with oxidising agents, sucli as “aogane " 
or oil of mirbane, and is again settled to separate it from the acid liquid, 

which is run off fts refuse. 

Taule LXin. 

lUiFlISE FROM OREASE EXTRACTION AND DISTILLATION. 

{Jtesults cj-presml in parts per 100,000 .) 


T<*tal 
Sol ills 


Greau Extraction. \ 

EefuBe from separa¬ 
tion of grease . 

Eefnse frt>m separa¬ 
tion of grease . 

Refuse from separa¬ 
tion of grease . 

Refuse from punHca- 
tion of grease. 

Refuse fi-om separu- 
tion of petrol . . j 

Orease Distillation. 

Crude refuse . • I 

Refuse after precim- i 
tation with bleach- j 
ing powder 
Refuse after precipita¬ 
tion with bleaching 
powder, settlement. 
and experimental 
filtration. . • 

Refuse after settle¬ 
ment and straining 
Refuse after settle¬ 
ment and straining i 
Refuse after settle¬ 
ment and straining ! 
1___^ 


€sr.-o 

021-7 

892-0 

7824-0 


Solids III 
Suspension 
(drieil :it 
100’ C.). 


Total.' Asli. 


I 


195-6 

39-8 

7&-4 

121-6 


109-3 

273-2 

269-6 

74-8 

88-C 

79-6 


17-9 

10-2 

0-4 

1-6 

2'2 

2-0 


3-0 


Solids in 
Solution 
(dried at 

10()‘ C\). 

£ i 
& 

O 1 

i 

2 1 

1 § 5? 

1 g 

S 1. -S” 

« 

* 1 

■ 

-sa ' 

latile Fatty 
Acids (as 
tyric Acid). 

iss 

Total Fat. 

Total. 

Ash. 

b 

1 

'A 1 

^ S g s 

I* 


« 



489-4 

231-4 1 

1 

33-6 

26-9 

i 



133-5 

682-4 

288-4 ' 


41-3 

i 




313 C 

7702 4 

164-8 

660-0 

.. 

24-0 

66’S 

1 

6270-0: 



106-2 




GO 


7-a 


'■ 

91-4 

61-0 


9-7 


37 6 

12-8 


263-0 

203-0 

•• 

5*5 





269-2 

18G-6 

4-0 

i 1-8 





73-2 

46-6 


1 3-8 


19 4 

4-0 


i 86-4 

67-2 


! 4-5 


8-8 

2-0 


5 77-fl 

53-8 


j 3-2 

_ 

6-6 

2-3 

— 


The grease extractor generally also buys from the cloth manufacturer 
the oily waste or shoddy, which is produced in the carding o^ratiom 
This contains variable amounts of grease, sometimes as much as 2o or dO 
per cent., and is treated in a steam press similarly to the magma P'^ddrn^ 
Le mixture of oil and water which escapes from the press 
as described above. For this extraction of groaso from “^^ddy waste an 
apparatus like that of the Industrial Waste Eliminators M (see p. 104) 
orSmith’s Patent Vacuum Degreasing Machiile (seo p. 124) would seem 

^'’^ThTuquid refuse escaping from these processes (see Table LXIII.) is 
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fortunately not large in amount, and the quantity can often l^' reduced 
by using the acid liquid from the magma presses to moisten the shoddy 
before it is pressed. The treatment required by these acid liquids is that 
suggested for the purification of the effluents from seak tanks, namely, 
neutralisation with lime, settlement, and filtration. 

The magma cake from the presses of the grease extractor is usually 
sold for malting artificial manure. It still (see Table LXIV.) contains 
from 15 to 25 per cent, of grease, and this, besides being wasted, is actually 
detrimental to the use of the cake as a manure, since it makes it 


Taulb LXIV. 

MAGMA AND PRE.SS CAKE FROM RECOVERY OF GREASE. 

{Umdta c.rprtiitacd in parin per cent.) 



AVet, 

Calcwlatcd ou Dry Solids. 

a 

‘oO 


C 

Ut 

'o 

Organic 
and A^ola- 
tile Matter. 

Mineral 

flatter 

ei 

<LI 

6 

Organic 
and A^ola- 
tile Matter. 

M ineial 
Matter. 

09 

S 

09 

hi 

o 

li 

^ 49 
m 

hg 

o 

Magma. 

Press cake . 

40*02 

11*43 

64*39 

68*74 

5*59 

19*83 

42*6*2 
24 64 

90*68 

77-61 

9*32 

22*39 

71-06 

27-81 

|84-30 

Magma. 

Press cake . 

34*8ti 

12*59 

61*57 

70*fl‘i 

3T)7 

16*49 

5-2-70 

24-5-2 

94*51 

81*13 

5*49 

18*87 

80-89 

28-06 

190-78 

Magma. 

Press cake . 

58-04 

22-02 

37-69 

65-28 

4*27 

12-70 

24*54 

23*06 

89-83 

83-71 

iO-17 

16-29 

68-48 

29-67 

|70-20 

Magma. 

Press cake 

36*64 

10*54 

69-38 

71-18 

3-98 

16-28 

44-32 

17-92 

93-74 

82-90 

6-26 

17-10 

69-96 

20-03 

1-89-23 

Magma. 

Press cake . 

38*83 

10-14 

67-48 

77-32 

3*69 

12-54 

41*12 

29*77 

93-97* 

86-04 

6-03 
13-96 

67*22 

33*13 

175-83 

Magma. 

Press cake 

41*05 

28*50 

64-91 

68-.'i8 

4*04 

12*92 

40*69 

16*28 

93-15 

81-93 

6-85 

18-07 

69-02 

22-77 

186-77 


impervious to water, loss easily broken down by weathering, and much 
more resistant to decomposition. Of late years, therefore, the grease 
extractor has brought into use a solvent process for recovering this 
grease, such as was suggested by the Royal Commission of 1865 in their 
Third Report (p. 34). The solvent used in the first instance was bisul¬ 
phide of carbon, as suggested by the Commissioners, but this has now 
generally given place to petroleum naphtha. The magma cake, after being 
dried by exposure to the air, or in an apparatus like the Ruggles-Coles 
drier, is broken up and placed in a digestor having a capacity of 3 to 6 
tons. The solvent is thet pumped on to the top of the mass of cake and 
allowed to percolate through it, extracting grease in its passage, and the 
process is repeated two or three times; or heat is applied to the solvent 
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in the digestor, and in the evaporation and coudensiition which results the 
solvent permeates the whole mass of cake, dissolving out.the groaso very 
thoroughly. 

After the solvent has been drained off from the magma cake the 
remainder is driven oft' by live steam and condensed for re-use. The 
mi-vture of solvent and grease drained from the digesters is run into a 
still, where the solvent is distilled oft', first by steam coils an'Il finally with 
live steam, and is also condensed for re-use; while the crude grous(- is 
further purified by heating along with sidphuric acid, as described above. 
The magma cake by this treatment is to a great e.vtent deprived of 
moisture and freed from grease, and, since it eoutains eousiderablo amounts 
of nitrogen, forms an cxccdlent basis for the manufacture of artificial 
manure. It will generally be found that the moisture remaining amounts 
to 10 |)er cent., and the grease to .fi or 10 per cent. 

The only liquid refuse discharged from the abov(! process, c.vcopt the 
small amount of acid watiu' separated from the grease, is the water con¬ 
densed along with the solvent, from wliieh it is separated by simple 
settlement. An analysis of tliis is given in 'I'able LXIII. Even if great 
care is taken, there is danger that the solvent may escape along with the 
water, and it is therefore never safe to discharge this refuse into a sewer, 
where it might he the cause of a serious e.’fplosion. The amount of 
solvent thus gradually escaping is not inconsiderahle, inasmuch as there 
is a loss of a gallon to a gallon and a half for every ton of cake treated, 
and much of this escapes along with the water, although by using a proper 
condensing apparatus for the solvent, such as that of Heinrich .Schirm, 
Leipzig-l’lagw it/,, the loss may be reduced to O'h per cent, of the weight of 
cake treated. 

The black oil rooovored by the grease extractor is often used up again 
in the woollen mills, frhm the refuse of which it has been recovered, and 
in some cases the complete cycle of processes is brought into use by the 
manufacturer himself, who thus uses the same oil over and over again, and 
only buys sufficient to replace that which is unavoidably lost in the various 
operations. In the manufacture of woollen goods, when the piece-scour¬ 
ing suds and the shoddy from the carding are both treated for the 
recovery of grease, the amount recovered, without reckoning that extracted 
from the magma cake, has in several cases been found to reach over 70 
per cent, of that originally used. 

Grease Distillation.—A large proportion of the crude grease recovered 
by the grease extractor is sold by him to the oil refiner, who subjects it 
to a process of distillation. The products of distillation are (1) a small 
quantity of hydrocarbons, which are usually returned to the still with the 
next charge; (2) the bulk of the oils which, by cooling and pressing, are 
separated into a liquid oil mainly consisting of 61eic acid and a solid which 
consists in great part of stearic acid ; and (.1) a residuum of liquid pitch. 
The mixture of liquid oils is chiefly used again in the wool trade; the 
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stearic acid is sold to the candle maker, or for making polishes or 
currying leather; and the jiitch is used for tlic insulation of electric 
cables or as a Hubrioaut for heavy machinery, especially for the necks of 
rolling mills. 

The only waste Ihpiid from grease distilling comes from the final 
condenser, through which a sjiray of water passes in order to condense 
the gases which escape from the process of distillation. This water, being 
charged with the gases, becomes exceedingly offensive, having a strong 
smell of butyric acid and similar compounds. It also carries with it 
particles of grease, and if discharged to a, stream may give rise to great 
nuisance, both because of its smell and because it coats the banks of the 
stream with greasy matter. Analyses are given in Table LXIll. 

If this liquor is received into a tank of sufficient capacity to allow it 
to cool, the grease it contains I’ises to the surface and can be skimmed off 
and recovered. Even if the grease is thoroughly removed in this way, 
the water remains v(!ry oflensive, and, having a high o.xygen-absorbed 
figure, is still very unfit to bo discharged to a stream. It can, how¬ 
ever, be purified by precipitation with bleaching powder or some other 
oxidising agent, followed by settlement and treatment upon a percolating 
filter. In Table LXlll. the results of experimentiil precipitation and 
filtration of this kind are given, and it will be seen that the oxygen- 
absorbed figure has been reduced over 80 per cent. The efifuent after 
this treatnnmt was free from obnoxious smell. 

The Discharge of OU in Condensing Water.—In the exhaust steam 
from a steam engine, there are inx'ariably small (pnwititieB of lubricating 
oil which the steam has carried with it from the cylinder. Where the 
condensed steam is discharged into a small stream, or where there are 
.similar discharges from a number of mills in close proximity, the efl'eot on 
the stream may be very marked, sometimes to thb extent of pi'oducing a 
thick scum of grease over the whole surface of the water. There is also 
freciuently an escape of grease from a mill where it has been carelessly 
used in lubricating the various parts of the engine and other machinery. 
These discharges of grease are for the most ])art due to carelessness, 
in the best mills with modern machinery, care is taken to trap all these 
greasy discharges and to recover the oil for re-use. 

That which is carried by the steam can be prevented from escaping 
by interposing a trap such as the Princeps Oil Extractor of Princeps <fe 
Oo., Sheffield (see Fig. .37a) ; the Empire Oil Separator of the Empire 
Engineering Co., Salford ; or Brooke’s Oil Separator of Holden and Brooke, 
Ltd., Manchester. These are contrived to extract the oil from the steam 
before it has become ndxed with the condensing water. They all consist 
essentially of a cylinder or chest, through which the steam is passed, con¬ 
taining a large number ofijaffle plates upon which the steam impinges and 
to which the particles of oil adhere. These particles coalesce into globules 
which run down the baffle phates and collect in the bottom of the cylinder. 
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Tn the trap shown in the figure the baffle plates take the form of spirals 
so as to offer as little obstruction as may he to the passage^f the steam. 



In some cases the oil is removed after it has become mixed with the 
condensing water, when the treatment is totally different. If the con¬ 
densing water is run into tanks or ponds of sufficient size to allow it to 
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cool, the emulsified grease rises to the surface and can be retamed by 
means of scumnoards; or patent processes can be used, for instance, either 
chemical precipliation by means of lime and salts of alumina, in which 
case the grease is not recovered, or an electrical process, such as that of 
Davis Perrett Ltd., Westminster, in whicli by passing an electric current 
through the water, the grease is separated, and may be saved for re-use. 
One of these iflethods is usually employed where the condensing water is 
required again for steam raising. It is estimated that a layer of oil 
O'Ol iiieh thick oilers as much resistance to the passage of heat as a 10- 
inch steel jilato (Buchan, Memorandum on Steam Boilers). 

Tar Distillation.—In the manipulation of tar for the purpose of 
separating it into its several constituents, and in purifying these, there 
are various discharges of waste water which are of a highly polluting 
character. These liquids are generally more or less dark brown and 
turbid and contain tarry matters, together with either acid or alkali which 
has been used in the processes. 

In distilling tar the “ first runnings ” from the condenser contain 
amraoniacal liquor which is afterwards separated from the admixed 
naphtha to be distilled for the recovery of ammonia. As the tar 
distillation proceeds and the temperature rises the various oils coming 
from the condenser are collected in separate receivers and are known as 
light oil or “second runnings,” carbolic oil, creosote oil, and anthracene 
oil, leaving a residue of pitch in the still. Towards the end of the 
distillatioti steam is forced through the tar, and this condenses along with 
the creosote and anthracene oils. • 

From this distillation of tar, therefore, it will be seen that there 
are two sources from whicli waste waters arise — the distillation of the 
ammoniacal liquor, yielding refuse the treatment of which has been fully 
dealt with in Chapter III., and the condensatioif of the steam passed 
through the tar in the still. 

All tar works do not adopt the practice of collecting the various 
fractions of distillate noted above, but such may be regarded as a very 
complete process. The further purification and rectification of the various 
oils give rise to polluting liquids, but it will suffice here to deid only with 
those processes which are in more or less general use. Moreover, some 
of the fractions obtained as above are sold and used for various industrial 
purposes in this country without any further purification, for example, 
the creosote oil for the recovery of benssol from coke oven gases, and some 
are only partially purified and sent to Germany for use in the large colour 
works there. 

The first runnings after the separation of the ammoniacal liquor, the 
light oil, and the carbolic oil, are washed with caustic soda, containing 
about 10 per cent. Na^O,* which dissolves out phenols and cresols, and 
-these are again liberated as oils by passing carbon dioxide through the soda 
solution. This process yields a solution of sodium carbonate, which can be 
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concentrated in an evaporator such as is descrilicd in Chapter XI., p. 276, 
and canslicisod for ro-nsc, as described on p. 88, and l^his causticising 
process, if properly managed, docs not give rise to any polluting discharge. 

The oils, after treatment with caustic soda, are treated with dilute 
sulphuric acid (2 to per cent.) to dissolve out pyridine and other basic 
tar oils, and are then washed with water and distilled and collected in 
various fractions. During this distillation process steam is passed into 
the still and condenses along with the oils, from which the water is after¬ 
wards separated and run to waste. The various fractions of oil thus 
obtained are treated with concentrated sulphuric acid to remove thiophene 
and other suljdiur compounds, as well as uns.aturated hydrocarbons. 
They are then washed with water and finally distilled with steam. 

The acid solution containing the ])yridino is used instead of sulphuric 
acid in the s.atur<ator of the sulphate of .ammonia plant, whim the ammonia 
liberates the pyridine, which is either skimmed off or (amdensed from the 
gases leaving the saturatoi-. The acid washings arc neutralised with soda, 
when the emulsified oil separates and is skimmed off, the neutralised liquid 
being discharged as waste. 

There are thus at this stage the concentrated acid .and washings to 
dispose of, and the condensed steam from the stills. When the acid is 
diluted with the w.ashings, tarry matter separates and can be skimmed 
off, and the acid can then be used for dissolving out the pyridine, as 
above, or in the sulphate of .ammonia plant. 

It will thus have been gathered that there are numerous processes in 
which water is foulpl, much of the refuse coming from distillation pro¬ 
cesses in which steam is blown through the still, but the bulk of it being 
spent gas li()uor, or water which has boon used for washing the various 
products. Each discharge of waste w.ator is only small, but together 
they amount to a considerable volume, and must be treated before being 
allowed to reach a stream. For this purpose large settling tanks fitted 
with a series of scumboards should bo provided. As the refuse cools, oily 
matters either sink or rise to the surface and are deposited in the tanks or 
retained behind the scumboards. The tank effluent, if treated with lime 
along with a salt of iron or aluminium, or with chlorine, which partly oxi¬ 
dises offensive gases and partly precipitates some of the dissolved matters, 
may be afterwards purified by means of a percolating filter (sec pp. 64 
and 269). Analyses of various discharges are contained in Table LXV. 

Refining of Mineral Oil. —The working up of petroleum and shale oil 
differs very little from the processes adopted at tar works, and the refuse 
may be disposed of in the same manner. 

Tai Spraying of Roads.—In recent attempts to prevent the dust 
nuisance on roads, tar spraying of the surface has come into very general 
use, and this has from time to time caused' considerable pollution of 
streams, with resulting poisoning of fish. If the tarring is followed by 
a period of dry weather no harm generally results, as all the poisonous 
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material^ are absorbed; but if, soon after tbo tarring, there happens to be 
heavy rain, the soluble matters of the tar are washed out, and may cause 
great destruction of fish life in any stream which they rea/ih. 

The whole (juestion has been very fully discussed by W, ,T. A. Butter¬ 
field, F.I.C., Assoc. Inst. C.E., in a paper given in Tlie Surveyor, 1912, 
vol. 41, p. 277. He shows that the poisonous constituents of tar me the 
ammonia liquor and the tar oils and their associated bodies, find that it is 
easy to obtain tar suitable tor spraying on roads, and freed from the bulk 
of these poisons by partial distillation or boiling. He suggests that it is 
safe to use a tar wliich 

1. is of not lower specific gravity at If)" (1. than 1"18 ; 

2. contains not more tlian 1 per cent, of water oi' gas li(pior, the 

ammonia in which is equal to not mor(! tlian 5 grains per 
gallon of tar; 

.'S. contains not more than 1 per cent, of light oils, and 

4. (Muitains not more than .‘i per cent, by volume of crude tar acids. 

Glue, Size, and Gelatine Manufacture. - The refuse which comes 
from the manufacture of glue, size, and gelatine is e.xccedingly polluting 
in character and may give rise to great nuisance. These products are 
extracted from animal tissm-s such as bone, skin, horn, and hoof by 
boiling with w.ater, but from this extraction process there is no liquid 
refuse. In the preparation of the raw materials, on the other hand, and 
in the washing of utensils, considerable quantities of water are fouled, and 

as this carries with it large amounts of animal matter in sohitioii and 

suspension, it is of ij highly polluting character. For the description of 
the kind of refuse produced it may sullicc to exjfiain the ])rocesse8 adopted 
and to give analyses of the refuse in a particular instance. 

In this case the raw materials arc spetches from the tanyarils, horns 
and bones. The spetches or waste bits of skin, including the cars and 
lips from the hides, come from the taiiyard highly impregnated with the 
lime in which the skins have been soaked previous to dchairing (see 

p. 72). They are steeped in a tank containing weak hydrochloric acid 

to get rid of the lime. The horns and bones require the same treatment 
to extract the calcium phosphate they contain, and all the materials are 
washed in water to cleanse! them of dirt. The cleansed-materials arc then 
boiled in vats with a sufficiency of water; the fats which separate are 
skimmed off, and after prolonged boiling the resulting liquor is run off 
and concentrated in vacuum pans sufficiently to set into the well-known 
cakes of glue, or into jelly-like size, on cooling. • The residue from which 
the gelatinous matter has been extracted is dried and made into artificial 
manure. 

In this case the manufacturer makes soap out of the fat recovered 
from his boiling pans, and as the quantity of har'd soap made is not great, 
he does not trouble to recover glycerine from the spent lye, which is 
discharged as refuse. 
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Froln these premises, therefore, the trade refuse consists of water 
which has been used for washing the raw materials; the, waste lupior from 
the extraction of lime from the spetches, which contaiim large quantities 
of chloride of calcium in solution ; water which has been used for washing 
floors, vats, and c,asks ; and occasional discharges of spent lye when soap 
is being made. The analyses of this refuse before and after treatmgnt are 
given in Table TiXVI. 

Although the refuse is so grossly j)olluting in character, it is fortunately 
amenable to treatment, being readily purified by chemical precipita¬ 
tion and biological filtration. By chemical precipitation with lime and 
alumino-ferric the oxygen-absorbed figure was reduced from 22'4 to 
Id'S, showing a purification of 35 pur cent., and this precipitated liquor, 
when applied to the experimental filter, described on p. 117, at the rate of 
35 gallons per cube yard per day, yielded an effluent with an oxygen- 
absorbed figure of 1'7, showing a purification of S)’2 per cent, on the crude 
refuse. 'I’liis effluent contained nitrates and did not putresce on keeping. 

The refuse at the premises under consideration was for a long time 
treated by chcndcal precipitation and irrigation upon land, but, e.specially 
in summer, many complaints were made of the snudls from the flooded 
land, which was indeed neither of sufficient area nor of suitable character. 
Since the above experiments a filter similar to that described on p. 271 
has been provided in place of the land treatment, yielding results which 
are shown in Table LXVI. It will he seen that the tank effluent con¬ 
tinued far more suspended solids than should have been idlowed to reach 
the filter, but that notwithstiinding this the reduction in the oxygen- 
absorbed figure is very marked. 

Slaughtering of Animals, Bone Boiling, Tripe Dressing, Trotter Boiling, 
Tallow and Dripping Preparation.—From all those processes there is a 
discharge of dirty water very similar to that coming from the manufacture 
of glue and size, a liquid strongly impregnated with animal organic matter, 
and extremely liable to undergo offensive putrefaction (sec Table LXVll.). 

The blood obtained when animals arc slaughtered should never be 
discharged along with the refuse waters, as it is valuable either as a food 
or as a manure. But even if care is taken to prevent the escape of any 
blood, the water used for swdlling the slatighter house is highly polluting, 
and needs much the same treatment as strong domestic sewage to make it 
fit to be discharged into a stream. At large slaughter houses the recovery 
of grease from the refuse water is found to be profitable, and perhaps the 
simplest method in use is a Kretner apparatus such as will be found described 
in Dunbar’s Principles of Seumje Treatment (p. 63), and can be seen in 
operation at the Withington Sewage Works of the Manchester Corporation. 

Apart from the recovery of blo(kl and fat, the liqidd refuse from all 
these trades can be dealt with in the same way as has been suggested for 
the refuse from the manufacture of glue and size. 

Dairy and Creamery Refuse.—The processes carried on at a dairy are 
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somewhat variahlc, hut may iuclude separation of cream, butter ’ .taking, 
cheese making, the Ptisteurisiug of milk, and the preparation of casein and 
milk sugar. .Sin^e fresh milk is the raw material in all tlicso processes, 
and since it is so lialtle to undergo fermentation, the necessity for keeping 
all utensils scrupulously clean will he obvious—indeed, the washing waters 
from floors, cans, centrifugal machiues, and other apparatus form the hulk 
of the liquid refuse. 

In many dairies the oidy operation is the separation of tlie crettm from 
the milk, the former being sold and the latter being returned to farmers 
for feeding calves and pigs. 

Where a croam separator is used the iiiU'rior of tlic machine becomes 
'J'aiilk lAVIl. 
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coated with mucus, blood, and other impuritic.s from the milk, but these 
substances should not be washed off and discharged with the rest of the 
liquid refuse. They should be scraped off and thrown upon the manure 
heap, or boiled up in food for pigs. 

In butter making the cream which has been separated from the fresh 
milk is churned to cause the fat globules to separate from the film of milk 
fluid with which they arc surrounded, and to aggregate together. The 
skim milk is either sold as sucli or used for feeding calves, or for the 
preparation of cheese or casein, while the butter milk separated from the 
butter in the churn is used for feeding pigs. The butter is next washed 
with cold water, draiiuKl, salted, and prepared for market. 

In cheese making the casein of fresh or skim milk is precipitated by 
rennet, and earries down %(ith it most of the fat. The curd is washed, 
compressed, and ripened into cheese, while the whey is either fed to pigs 
or used in preparing milk sugar. 
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In the Pasteurising of milk the only refuse is derived from the washing 
of the vessels and apparatus which have heen used in the process. 

Casein is prepared from fresh milk or from skim lailk by adding an 
acid to the diluted milk and collecting the precipitate thus formed. The 
liquid remaining is usually discharged as refuse, or it may be utilised in 
the same manner as the whey from cheese making. 

Milk sngar or lactose is prcj)arcd by evaporating whe^^, clarifying the 
evaporated liquid with an aluminium salt, and further evaporating until 
the sugar crystallises out, leaving a mother liquor which is highly charged 
with organic matter. 

The apparatus used in all the various processes must bo kept thoroughly 
clean, and this is accomplished by washing with hot water to which a little 
soda has been added for the purpose of saponifying any fatty matter 
adhering to the vessels. Dairy refuse thus possesses the character of 
diluted milk, and is very liable to undergo acid fermentation and give off 
offensive odours from the butyric acid produced. If discharged into a 
small stream it gives rise to abnormal growths, which cause a great 
nuisance when they decay. The volume produced is estimated by Dr F. 
Guth {Gesnndheitsinyenu'ur, 4th March 1911) at 1 to .4 or more gallons for 
every gallon of milk treated at the dairy, and according to this author 
the composition of the refuse from the centrifugal machines and cheese 
making, and from the washing of milk cans, may be somewhat as follows ;— 


Tabi,e LXVIIl. 

DAIRY REFUSK. 

{Results expressed in parts }icr 100,000.) 
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Washing of 
Milk Cans. 
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Nitrogen (Kjeldabl). 
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Fatty matter. 

15-9 to 20-9 



Table LXIX. contains analyses of samples of refuse from a dairy where 
milk is Pasteurised, and also from a dairy where butter and cheese are made. 

So long as the dairy is in connection with a farm there need bo no 
difficulty in disposing of the refuse, as it can be distributed over the surface 
of grass land. At the Manor Farm, Garforth, in connection with the 
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University of Leeds, where on an average 50 or 60 gallons of milk are used 
daily for butter and cheese making, the refuse amounts to some 400 gallons 
per day. Tliis is passed through a lank of 1200 gallopn capacity, where 
it is mixed with tlic domestic sewage from the farmhouse, and the tank 
effluent is applied to half a rood of grass land, where it is absorbed. 

Small dairies are, howiiver, giving plae(^ to larger, in which the milk 
from several farms, amounting perhaps to 2000 or ,1000 gallons daily, is 
dealt with, and the disposal of the refuse then becomes a problem which 
demands consideration. 

Wliere a rciiuisite area of suitable grass land is available the refuse is 
easily disposed of by irrigation, but prob.ably not more than about 5000 
gallons ])er acre of moderately strong refuse c,an be disposed of in this 
maum^r every day. According to Calmette {/{<r!ierchrs, vol. 7, p. .137) 
proci|)itation with lime or bleaching pow'der and s<'ttlement in tanks 
provided with scumlmards, priiliminary to tin- land treatment, diminishes 
the risk of nuisance. Treatment with bleaching jwwder or some other 
oxidising ag(!nl is specially to be recommended, as it destroys the butyric 
a(y<l wliich is tlie chi(d cause of the offensive smell such refuse is liable 
to give oft'. 

Experiments on the biological treatment of the refuse by means of 
septic tanks, followed by either contact beds or pcu'colating filters, were 
undertaken at the Ballyrashanc Creamery near Coleraine in 1902 under 
the direction of the Department of Agriculture and Technical instruction 
for Ireland (see the Journal of this Department, March 1904, vol. 4, 
No. .1, ]). 511). The septic tank was constructed large enough to hold nine 
or ten days’ How of the refuse, and was covered with tarred pkanks and 
18 inches of soil, and each of the contact be<ls was sufficient to hold the 
daily flow, the first being filled with very coarse coke and the second with 
coarse gravel. In the sejjtic tank tlie oxygen-absorbed figure of the refuse 
was reduced from 180 to 48 parts per 100,000, wdiilst the contact beds 
further reduced this figure to 13, a total reduction of over 92 per cent. 
No nuisance or odour of any kind was, it is said, imoduccd from the works. 
Tlie percolating filter was constructed of coke, but its effect was hampered 
by faulty distribution ; it did not produce (piite as good an effluent as the 
contact beds, but no attempt was made to remove the suspended matters 
contained in the effluent. The Department came to the conclusion that 
contact beds are preferable to ])ereolatiug filters as being less liable to give 
off .any odour ; but with tanks of smaller size and tlie use of some oxidising 
agent the risk of nuisance from the percolating filters would certainly have 
been greatly reduced, if not obviated. 

The effect of septic treatment has also been tried by Bowles {Erujineering 
Recm-d, 1911, vol. 64, p. 419), who finds that the lactic acid fermentation 
retards purification, but that by keeping the refuse in a septic tank for six 
days a purification of 50 to 60 per cent., judged on the organic matter, 
can be obtained. 
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jxaitein ana ocnoots (see MUch Zeitmu/, 190.3, Nos. 7 and 8) lii.ve also 
studied the treatment of dairy refuse, aud succeeded in treating it success¬ 
fully at a rate i|vcr .10 gallons per cube yard of filtering material per 
day on a filter constructed of clinker somewhat like that described on 
p. 271, whilist Calmette (Rrchrirhfs, vol. .5, p. 70) has designed works based 
upon experimental results and coTisisting of a septic tank and percolating 
filter to treat iho refuse of a creamery dealing with 1000 g.allons of milk 
daily. 

In America attempts have been made by the Ohio State Board of 
Health and the Uniled .States (loologieal Survey (see Kimberley, Enyineenng 
Iteninl, 1910, p. .fiO) to treat creamery refuse by settlement and filtration 
through sand, but the. residts have not been very satisfactory. The 
cfflnents obtained were putrcscible, but this was dne, according to 
Kimberley, to the high rate of filtration, although this was only 9 gallons 
per square y.'trd per day. 

In coiKilnsion it may be, stated that this kind of refuse can bo disposed 
of by ajtplieation to land, but that where the area is insufficient or the 
soil nnsnitable biologic.al methods can be employed, althongh a double 
filtration may lie necessary in some cases. 

Laundries.—It is (piesliouable whether the refuse from laundries can 
legally be considered as trade waste water. Formerly it was the general 
onstoni for the dirty linen of a household to be washed on the premises, 
when the water fouled in the process could only be looked upon as forming 
part of the domestic sewage. 'I'he tendency of recent years is for regular 
traders to establish large laundries in country plaecs^noar towns and to 
deal there with the dirty linen of the town dwellers. The washing of 
clothes, therefore, which ordinarily would be done by the inhabitants in 
their own homes is transferred to an entirely different district and 
concentrated in large establishments. In such case-’ the refuse discharged 
would undoubtedly appear to be trade waste water, but whether this is 
the legal view will have to be decided by the Courts. The question was 
discussed, but not decided, in the case of Garfield v. The Yorkshire 
Laundries, Ltd. (69 J.P. 411). 

The process of washing clothes is too common to need any description. 
The refuse discharged from a laundry is a grossly polluting liquid, often 
stronger than an ordinary domestic sewage. Tt rapidly putrefies, and if 
discharged to a stream causes profuse offensive growths. In character it 
is almost exactly the same as piece-scouring refuse in the woollen trade, 
and it can be purified in the same way, either by chemical precipitation 
with lime, alumino-ferric, or calcium chloride, followed by filtration or 
application to laud. As with piece-scouring refuse, if the volume of waste 
water is sufficiently large it may be economical to recover the grease. 

Sheep Washing.—This«is one of the oldest polluting trade processes 
and, it must be confessed, extremely difficult to deal with in a satisfactory 
way owing to the manner in which it is carried on. In most cases a pool 

15 
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is nifidc upon a small stream, and into this the sheep are driven one by one, 
to he received by a sheidiord standing in the water, who seizes each sheep 
by its head and back and moves it rapidly backwards and forwards in the 
water. This washing, aided by the potash salts present in the fleece, 
carries off large amounts of grease, dirt, soluble organic matters, and 
sometimes (diemicals, such as carbolic acid and arsenic compounds, with 
which the shec]) may have bi^eu previously dipped. 

If tile stream of water running through the jhh)! is only a small one, 
as is usually the ease, for sheep washing is done in dry weather in sunjmer, 
the water which escapes from the i)ool may become very grossly polluted. 
The Royal Commission of 1808 (Third Report, p. 18) say of one sample 
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that “ it was an extremely filthy licjuid, much stronger in its powers of 
pollution than ordinary water-closet sewage.” Analyses of samples of a 
stream above and below a washing pool are given in Table LX.X. 

It is obvious that no sheep washing should be allowe<l upon a stream 
the waters of which are used for household supply, and although in other 
cases the pollution of the stream may give rise to considerable injury, for 
instance, by killing fish, as a rule, seeing that the duration of the 
pollution is so short, and that it only occurs once or twice a year, there 
is no need to take special measures for its prevention. Where necessary 
it may sometimes be possible, while sheep washing is going on, temporarily 
to divert the stream below the washing pool on to a meadow. 

Sheep Dipping.—This is a much more pMhiting process than sheep 
washing and occurs more frequently, as sheep may. have to he dipped 
several times a year in order to meet the regulations of the Board of 
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Agrioulturo. Fortunately the discharges arc small in amount and can 
easily be prevented from reaching a stream. Sheep dipping is done for 
the purpose of »idding the sheep of insect pests, and the chemicals in 
general use arc lime and sulphur, carbolic acid and soaj), tobacco and 
sulphur, and compounds of arsenic. 

'rUe dipping is generally done in an elongated wocxlen tub or cistern 
500 or 600 gallons in capacity, large enough in its deepest part to hold 
a single sheep when floating in the liipiid. The tub is filled with the 
dipping liipiid and the sheep are passed through it one by one, each in 
turn being immersed by a shepherd standing alongside. As a hundred or 
more sheep may bo passed through the same tub of li(piid, to which fresh 
■ chemicals have been added from time to time, it can easily la^ imagined 
that the contents of the tub become grossly polluted. An analysis is 
given in Table LX\. 

There is fortunately no neccissity to let such a licpiid escape to a 
stream; it can be stoi-ed up and strengthened for re-use, or if it finally 
becomes loo foul, it is so small in (juautity that it Ciin easily bo thrown 
upon the land at some distance from a stream. The discharge of even a 
small amount of a liipiid such as this into a stream may have very 
deleterio.us ett'ects; for instance, where carbolic acid has been used one 
result may be that all the fish in the stream are killed out. In fact, a sheep¬ 
dipping tub should never be allowed alongside a stream. 

Stone Sawing.—In many parts of the country where (piarries of sand¬ 
stone arc W'orked the stone is prepared for sale by being sawn into blocks 
or slabs. The ipiarried stone is firmly fi.ved in a fr.ime under a sot of 
parallel steel blades (sometimes as many as twelve), which are kept in 
motion backwards and forwai’ds and gr-adually lowered so as to make a 
series of parallel cuts through the stone. To keep the saw blades cool a 
constant stream of water is directed into the cuts, and steel shot, 
carborundum, or sharp sand is used to assist in wearing a groove in the 
stone. 

From stone sawing, therefore, there is a constant discharge of water 
carrying with it large (piantities of fine sand or mud resulting from 
the sawing (see Table LXXI.). This waste water, if discharged to a 
stream, deposits its solids in the channel and makes the stream water 
very muddy. The discharge is fortunately never large in volume, and its 
purification or disposal is easy. In most cases the stone yard is in connec¬ 
tion with a quarry, and it is often possible to run the waste water into the 
quarry, where the solids rapidly settle, and the water either percolates 
away or is sufficiently clarified to be pumped out with other waters 
drained from the quany. Where this means of disposal is not available 
a series of settling tanks should be provided equal in capacity to the 
maximum daily flow of refuse, and in duplicate to allow of cleansing. 
Means should be provided for pumping or draining out the clear water 
after settlement of the solids when a tank is to be cleaned, and care 
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should be taken to romovo the deposited sand or mud to such a position 
that any water draining from it will not reach a stream. The amount of 
sludge produced from each frame may he roughly estimated at 10 to 
20 tons per annum, and some of this can Ih! ground up with ashes for the 
preparation of mortar. The clarified water can he used over again in the 
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stone sawing, or is usually fit to discharge to a stream, although in some 
eases it may be nechssary to pass it thi'ough a stind filter. 

The suspended solids in this class of refuse deposit very rapidly, as 
may be gathered from the results obtaineil by the ipiioscent settlement of 
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the above three samples of stone-sawing refuse for varying periods which 
are given in Table LXXII. 

Where the suspended solids in the refuse are very fine their deposition 
may be assisted by the addition of a small quantity of lime, as has already 
been suggested in the case of coal-washing refuse containing clay. 

Sand Washing.—Where sand filters are used for the purification of 
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public wdtcr supplies, the surface layer of sand becomes clogged with peaty 
matter, mud, or vegetable growths, and lias to be removed froui time 
to time and thoroughly washed in a stream of running water, or in a 
mechanical washer such as that of tlrcenway, in which the sand is 
propelled along a horizontal tube by means of a scries of paddle blades 
and meets a current of water which washes it. This sand-washing water 
is much too im|)uro to bo discharged into a stream (see 'I’ahle <LXXI1I.), but 
the impurities can easily be removed by effective settlement in tanks or 
ponds, followed where necessary by straining through sand filters. 

Ore Washing.- -As the ores of most of the metals such as lead, tin, and 
copper ai’o much heavier than the rocks with which they are associated, 
the two can he separated, when crushed into a coarse powder, by the aid 
of water, in the same way as coal can bo freed from shale and pyrites (see 
Chapter II.). The water coming from the.He washing operations is in all 
cases liable to carry with it large quantities of sand and mud washed out 
of the heavier ore and, nii.xed with this, more or less of the ore itself. 

.Most of these ores arc fortunately insoluble iti water, so that if the 
solid matters arc deposited by settlement the residting effluent can 
generally be discharged to the stream without prodmung any effect 
beyond a slight muddiness. In some cases the solids are so finely divided 
that they take a very long time to settle, and any settling tanks provided 
would thereh)re have to be of great size. In such cases, as has already 
heen mentioned in dealing with coal-washing water, settlement can be 
greatly hastened by dissolving small amounts of lime in the water. 

Refuse of this kind was very fully considered by the Rivers Pollution 
Commission, 1808, and is dealt with in their Fifth Report. They suggest 
(p. 49) that such ndusc should be allowed to be discharged into a stream 
afUw having been subjected to perfect rest in subsidence ponds of 
suflicient size for a period of at least six houns, or, if not thus treated by 
subsidence, if it does not contain more than 0 ])arts per 100,000 of dry 
mineral matter. At the present day qniesccmt settlement is only rarely 
adopted, tanks being so constructed that the refuse nins continuously 
through them at such a low velocity as will not prevent the solid matters 
from settling. 

China-clay Washing and Grading.—China clay, either from the clay 
pits in Cornwall or in potteries, is cleansed from sand and grit or graded by 
being carried by a current of water through a scries of settling tanks or 
chantiels where the clay is deposited in different grades, according to the 
velocity of the current. It is difficult to settle the whole of the clay, and 
the effluent water is fretpiently very muddy, and requires treatment just 
as ore-washing waters do. ■ 

In a recent number of the Journal of the Royal Society of Arts (26th 
January 1912, p. 274), Professor Gee has describtd a simple form of centri¬ 
fugal machine (Patent No. 16,188,1911) for separating china clay from the 
water and at the same time grading it. The apjairatuB appears to be suit- 
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being suspended from a ball-bearing of special design at D, supported 
between girders at K. Rotation is imparted by the pulley F, to which a 
hand-brake is fitted at (1. The upper end of tlic drum is closed by a cap H, 
which makes a water-tight joint with the drum at 1, when clamped liy the 
locking-ring J. This forms a species of bayonet joint. The cap H has a 
hole in the middle, and is held central on tlie spindle by means qf the 
casting K, whicli is a sliding fit on tin; B])indle, and is connicted with the 
cap by the ujjpcr ends of the six ro<ls b. At the bottom of the dnun at M 
is fitted a weir-plate, or diaphragm. Depending from the cap into the drum 
is a kind of cage or “ contiiiner,” seen best in the section, con.sisting of six 
vertical square rods LL, to which arc attached imlial vanes or blades NN. 
These blades extend the whole h.'iigth of the drum, being connected to the 
cap at the top end, and to a c.ircular plate 0 at their lowei- end. The con- 



Fig. 39.—Gee’s Centrifugal (Cross Section) 


tainer slides easily in thb drum, which it divides into six longitudinal com¬ 
partments. Each compartment is provided with a curved plate P. It will 
be understood that the container is, in eflect, a removable lining to the drum, 
on which the recovered solids are received, as shown in the horizontal 
section at Q. The operation of the machine is as follows.— 

The requisit(! speed (usually between 100 and 200 feet per second 
peripheral velocity) being attained, the water, containing in suspension the 
solid matter to be separated and graded, is fed in a steady stream through 
the hole in the middle of the cap on to the casting K, which serves the 
purpose of a distributing plate. The centrifugal force generated by the 
rapid rotation causes the water to fly to the wall of the drum and dis¬ 
tribute itself thereon, so that an inner wall of water is soon formed which, 
when a given thickness is attained, overflows, as indicated by the arrow at 
R, and passes out of the drum through the holes in the bottom, under the 
weir-plate M at S. * 

It will be understood that a slow, steady current of water is thus 
set up in the drum in the direction of the arrows, and in passing 
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dowii the drum the solids in suspension are gradually deposited 
on the plates which lino the drum. The coarse or heavy particles 
are very quickly separated, and th('.se an^ found near the inlet at T. 
The finer particles arc carried further along before they become 
separated, until the finest are deposited at 11, near the outlet. Conse¬ 
quently the slab of recovered material ranges from the coarsest at one 
end to the finest at the other, with every possible degree of (piality in 
between. The effluent water is said to be quite clear. When a sufficient 
charge of material has been recovered, the machine is stoppe<l, the cap is 
uidocked, and the container drawn uj) by lifting gear until the bottom 
plate 0 is within a few inches of the top end of the drum. The curved 
plates can readily be removed, with the slabs of recovered material 
adhering to them ; fresh plates are inserted, the container is lowered into 
the drum and locked, and the operation repeated. Four to five 
“ journeys ” per hour are made, .and each operation in the usual-sized drum 
(3 feet diameter by feet long) recovers about a quarter of a ton of 
graded material. 

MiTiBT a.l-wa.tftr Manufacture, Clay Mixing, Flint Grinding, rUe 
Scouring, and Cutlery Grinding.—The refuse from these trade processes 
all consists of mineral matters in suspension in water, much of the same 
nature as the discharges from stoiu! sawing or ore washing, and it can 
readily bo pruified in the same m.anner. 

Varnish and Paint Manufacture.—The polluting discharges from 
works employed in these trades arc cbielly washing waters from swilling 
the floors and utensils, and the most polluting of these is the hot water 
which has been used with soda for cleansing the various receptacles for 
containing the finished products. This latter discharge is only small in 
amount, and can be purified by neutralising with acid and passing it 
through tanks with a series of scumboards for the i*otontion of oily matters, 
followed by straining filters of fine material. The fioor-swilling water can 
be passed directly on to the straining filters. 

Beet-sugar Manufacture, Sugar Befining, and Starch Manufacture.— 
These trade processes are not of common occurrence in this country, and 
where they are met with, the refuse is almost always discharged into 
the sea or into tidal waters. The waste waters arc highly polluting in 
character, containing largo amounts of vegetable organic matters in 
solution and suspension. They lend themselves, therefore, to a final 
purification by biological methods, which can be greatly assisted by 
preliminary chemical precipitation and settlement of solids. The purifi- 
fication of this kind of refuse has received much more attention on the 
Continent than in this country, and it may suffice here to refer to the 
bibliography of the subject at the end of the chapter. It should perhaps 
be mentioned that the treatment of such i-efuse is not altogether without 
return, as the recovered solids can be dried and used as food for cattle. 

Working of Salt Deposits.—In extracting potassium salts from deposits 
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in Germany in the valleys of the Elbe and Wesor, a mother liquor is left 
which has caused great trouble by being discharged into these rivers or 
their tributaries. This liquor contains large amounts of magnesium salts, 
and as tlie river waters arc used for the domestic supply of various towns, 
the pre.sence of these salts has been found very ohno.vious. This kind of 
pollution, however, is not found in tliis country, and those who are inter¬ 
ested may refer to the bibliography at the end of the ehajiter. Similar 
pollutions, but much less e-vtonsive, occur in tlie separation of common 
salt from brine in the county of Cheshire, and at a few places where 
(llaubcr’a salts are prepared. 

Conclusion.—There are many other trades, such as the making of 
confectionery and preserves, tlie manufacture of margarine, candle making, 
purification of rubber, and the distillation of wooil, vvhicli give rise to 
polluting waste waters, but apparently nearly the whole of such trade 
premises are drained to sowers, and in any case where it may be necessary 
to purify the waste waters separately it should not be difticult, guided by 
the information given in these pages, to choose a satisfactory mctlnxl. 
Although, indeed, methods of purification ha ve been suggested .as applicable 
to each of the trade waste waters descrihed, the scheme best suited to any 
individual case can only be devised by bearing in mind the object of all 
these purification processes—the simplest efl'cctive method of removing 
objectionable matters. 


' BIBLIOGIIAPIIY. 

Galvanising, Tinplating, and Wiredrawing. 

ROYAL (fOMMISSION ON RIVERS POLLUTION, 1808, Fifth Report, 

RO^AL COMMISSION ON SEWAGE DISPOSAL, 1898, Seventh 
Reiievt, vol. 3, p. 03. 

ROYAL COMMISSION ON SALMON FISHERIES, 1900, vol. 2, 
p. 24. Report by Profes.sor Perkin on Pollution of Dec Estuary. 

THORPE, Dictimiary of Applied Ghemistrif. Longmans, Green & Co., 
London, 1912. 

Drainage from Shale Heaps. 

GESCHWIND, The Manufacture of jlliiiii and the Snfyhates and other Salts 
of Alumina and Iron. Scott, Greenwood & Co., London, 1901. 

ROYAL COMMISSION ON RIVERS POLLUTION, 18ftt, Third 
Report, vol. 2, Q. 1926 et seq. 

Alkali Manufacture. 

CHANCE, “The Recovery of Sulphur from Alkali Waste by means of 
Lime-kiln Gases,” Journ. Soa. Ohem, Ind,, 1888, vol. 7, p. 162. 

McTEAR, “ On the Regeneration of the Sulpliur employed in the Alkali 
Manufacture by the McTear Process,” llritwe Associatim Jteport, 1877. 

NAYLOR, Trades' IVade. C. Griffin & Co., Ltd., London, 1902. 

ROYAL COMMISSION ON RIVERS POLLUTION, 1868, First Report, 
pp. 35,101. 



MISCELLANEOirS TRADES. 


235 


Soap Making. 

NAYLOlt, Traded Wnste,. C. Griffin & Co., Ltxl., London, 1902. 

ROYAL OOMMISSJON ON RIVERS POLLUTION, 1868, First Report, 
pp. 36, )03. 

THORPE, JHcHondnj of Ayidied (Jhemidry. Longmans, Green & Go., 
London, 1808. 

Giease Extraction and Distillation. 

HUUST^ “ Yorkshire (xrea.«e,” Journ. Hoc. Chem. Ind., 1889, vol. 8, p. 90. 

Oil in Condensing Water. 

IIITCHAN, Memorandum on Steam lioilers. Report to H.M. Chief 
Inspector of Kiw.tories. H.M. Stationery Office, London, 1912. 

DAVIS-PERRETT PROCESS, “l.eicesterCorporation Electric Tramways," 
The Tmvmay and Rmliniy ll'orld, May 1904. 

HATSOIIEK, “Tile Direct Separation of Emulsions by Filtration and 
Ultra-filtration,” Journ. Soc. Gliem. Ind., 1910, vol. 29, p. 12.'). 

“ Oil Separators. Tests made in the Laboratory of the Bavarian Associa¬ 
tion for the Control of Steam Boilers," ii!rt?)t« Mctallnrgique, 1911, voL 8, 
p. 8.')! : Journ. Hoc. VUcin. hid., 1911, vol. 30, }). 1364. 

ROYAL COMMISSION ON RIVERS POLLUTION, 186r), TTiird 
Rei)ort, 1 ). 27. 

ROYAL COMMISSION ON RIVERS POLLUTION, 1808, Third Report, 
p. 30. 

Tar Distilling and Mineral-oil Refining. 

CALMETTE, /I’er/uir/it's .s«r I’fJimration liiologiiiiie d Cliimitjue des Earn 
d’Egout, 1912, vol. 7, p. 334. M.'wson et Cie, Paris. 

LUNGE, Goal Tar and Ammonia. Gurney & Jackson, London, 1900. 

ROYAL COMMISSION ON RIVERS POLLUTION, 1868, Fourth 
Report, pp. 41, 69. 

Tar Spraying of Roads. ^ 

BUTTERFIELD, “The Relation of Modern Road Surfacings to Fish 
I.ife,” The Hiinr.ijor, 1912, vol. 41, p. 277. 

“Shepton Mallet U.D.C. and Tar Spraying,” Hurceyor, 1912, vol. 42, 
p. 247. 

“Tarrad Roads: Surface Water Polluting Watercress Beds, Counsels 
Oj)inion,” Hiirveyor, 1912, vol. 42, p. 307 ; Hanitary liecard, 1912, 
vol. .'■>0, j). 204. 

Olue, Size, and Gelatine Manufacture. 

LAMBERT, Grliic, Gelatine, and thexr Allied Products. C. Griffin & Co., 
Ltd., London. 

THORPE, IHiiionarij of Applied Chemidry. Longmans, Green & Co., 
London, 1912. 

Slaughtering of Animals, etc. 

KONIQ, hie Venmreiniymig der Gewiisser, vol. 2, p. 182. Julius Springer, 
Berlin, 1899. 

ZAHN AND REICIILE, “ Untersuchungen uber die Wirkungsweise des 
Kremerschen Apparates,” Mitt, am der Kdnigl. J'riifungsanstalt, vol. 10, 
p. 1. August llirschwald, Berlin, 1908. 

Dairy and Creamery Refuse. 

BOWLES, “ Septic Treatment of Creamery Sewage,” Engineering Record, 
1911, vol. 64, p. 489. 

CALMETTE, Recherdies sur VEpuration Bwlogigne et Ohvmigue des Mux 
d'Egmt, 1910, vol. 5, p. 64; 1911, vol. 6, p. 193 ; 1912, vol. 7, p. 337. 
Masson et Cie, Paris. 



TRADE WASTE WATERS.- 


236 

Dairy and Creamery Befose — continued. 

GUTH, “ Wasserversorgiing imd Abwasserlieaeitigung in Molkereien,” 
(Jesundheits-Ingenieur, 1911, March 4, No, 9. ^ 

KATTEIN AND SCHOOFS, “Vcrsnclio ulier die AMvasaevreinigiing in 
Molkereien durch Oxidation,” Milch Zeitung, 1903, Nos. 7 and 8. 

KIMBERLEY, “ Report on the Treatment of Creamer)' Refuse,” Engineer¬ 
ing liecord, January 8, 1910, p. .lO. 

“Purification of Creamery Sewage,” Journal of the lleparlment of’Agri¬ 
culture and TerJmiml Instruction for Ireland, vol. 4, N6. 3, p. 511. A. 
Thom & Co., Ltd., Dublin, 1904. 

SCHOOFS, “ Eaux residuaires de laiterie,” llevm Ge'nemle du lait, vol. 3, 
pp. 313, 344. 

Sheep Washing and Dipping. 

ROYAL COMMISSION ON RIVERS POLLUTION, 1808, Third 
Report, p. 17. 

Sand Washing. 

DON AND CHISHOLM, Modmi Methods of U'atcr I'urifiraliou, p. 120. 
Edward Arnold, Loudon, 1911. 

TUDSBERY and BRIGHTMORE, The rrinciples of Waterworks 
Engineering. E. & F. N. Spoil, Ltd., London, 1897. 


Ore Washing and China-clay Grading. 

GEE, “ A New Process for the Separation and Grading of Solids suspended 
in Liquids,” Journal Emjal Hoiiety of Arts, January 26,1912, ]). 274. 

ROYAL COMMISSION ON RIVERS POLLUTION, 1868, Fifth 
Report, pp. 10, 16, 26, 49. 

THORPE, dictionary of Apjdied I'henmtnj. Longmans, Green & Co., 
London, 1898. 

Beet-sugar Manufacture, Sugar Eeflning, and Starch Manufacture. 

AULARD, “ Die Reinigung der Ahwiisser von Zuckerfabrikeii, Brennereien 
und verwandten Industrien,” Werner and Ahiaisser, vol. 3, p. 360. 

“Bericht iiher die'Arheiten der staatlichen Kommission ziir Pnifung der 
Reiniguiigsvcrfahren von ZuckerfahrikabwaBsem in der Kampagne 
1908-9, nebsl den Protokollen uber die in den Zuckerfabriken 
Sehottwilz uiid Weiidcssen vorgenommenen Besichtigungen,” Wasser 
und Ahmemr, vol. 2, ji. 343 ; “Prufuiig der Abwasserreiiiiguiigsanlage 
der Pommerschen Zuckerfabrik Anklam,” Wasser mtd Abwasser, vol. 6, 
p. 226. 

“Beseitigung der Abwasser durch neue Arbeitsnietlioden bezw. durch 
Rticknahme in die Diffusionsbatterie,” J)ie Ijeutsche Zuekerindustrie, 
1909, p. 29.3. 

CALMETTE, Recheredies mr I’Epuration Jliologique et Ghmiigue des Eaux 
itgout., 1907, vol. 2, p. 248 (“ Starch Manufacture”); 1907, vol. 2, p. 
235 (“Beet-sugar Manufacture”); 1912, vol. 7, p. 340 (“Beet-sugar 
Manufacture ”). Masson et Cie, Paris. 

FREESE, “ Ueber ein neues Verfahren zur Reinigung von Zuckerfabrik- 
abwiisseru. Die Deutsche Zuekerindustrie, 1909, p. 313. 

KONIG, “ Neiiere Erfahrungen iiber die Behandlung und Beseitigung der 
gewerblichen Abwasser,” Deutsche Vierteljahrsschr. f. iiffentl. Gesunaheits- 
pflege, 1910, vol. 1, p. 111. 

PLATO, “Ueber die Reinigung der AbwA-ser von Zuckerfabriken,” 
Wasser und AIrwasser, vol. 1, p. 417. 

ROHLAND, “Ueber das Reinigungsverfahren durch Tone,” Wasser und 
Abwasser, vol. 2, p. 42. 



MISCELtANKOCS TRACKS. 




Beet-Bugar Manufacture, etc.— mUimed. 

ROUBINEK, “ Purification of the Waste Waters of a Beet-sugar Factory 
by Linie, ‘ Humin,’ and Clay,’’ Zdtwhr. f. d. Ziukerindudrw BShmens, 
1912, vol. 37, ]i. 128 ; Joum, Bor, Cluin. Ini., 1913, vol. 32, p. 42. 

ROYAL CO.M MISSION ON RIVERS POl.LUTlON, 1868, Fourth 
Report, pp. 38, 70 (“ Starch Manufacture ”); jip. 42, 67 (“ Sugar Re¬ 
fining ”). 

* BURNER AND VON BUCHKA, “tiutachteii dcs Reichsgesundheitsrates 
liber (lie Ahleitiing cyauhaltiger Abwasser dcr Zuckerraftinerie zu 
Dessau in die Elbe,” Arbeiten nm der Kauerlidien (Icsundluitmmt, 1908, 
vol. 28, part 2. 

SIM A, “ Reiniguug der Zuckerfahrikahwasser im Kontaktaerator,” Zettschr. 
/ d. ZiKkerindustrie llohmeus, vol. 34, p. 365. 

WtiRL, “Eine Vorrichtung ziiiu Treiinen der schwercn Siukstoffe von 
den Schwinimstoiren in Abwasserii, die insbesondere fur Zuckerfabriken 
geeigiiet ist,” ll'iisner und Abiiwser, vol. 4, p. 73. 

ZAHN, “Versuche iiber die Reinigiiiigsiiiogliclikeit von Starkefabrikab- 
vrassern durch das biologische Verfahren,” Mitt, aus der Kbnigl. 
I’riifamjmnstaU, vol. 10, (i. 42. August Hirschwald, Berlin, 1908. 

Working of Salt Deposits. 

BECKURTS, “Die vviasenschaftlichen Forschungen uber die Natrium- 
iind Magiie8iuiii.-al7,c iii deii OewaMern des Elb- und Weserstromge- 
biete.s,’’ Chem. Znluiiy, 1912, No. 77, p. 726 

BECKURTS, ORTH, anu SPITTA, “Dio Versalzung des Wassers von 
Wipper und Unstrut durch Endlaiigeu aus Chlorkaliumfabriken,” 
Art. a. d. Kaiserl. Gemndheiisumte, 1911, vol. .38, part 1. 

LEHMANN, “ Uutersucbungen uber den Clilorgehalt des Magdeburger 
Leitungswassers und des Elbwassers voiu liiiken und rechtcn Ufer,” 
ahem. Zeituiig, 1912, No. 27, p. 241. 

MEHNER, “Die Entwasserung und Verfestigung der Kali-Endlaugen,” 
Kali. 1912, vol. 6, p. 49 ; Chem. Zeituiiij Eepert., 1912, vol. .36, p. 286. 

ROHLAND, “ Die Verwertung der Magiiesiumsalje aus deii Endlaugen 
der Kaliwerke,” Chem, Zeitung, 1911, vol. .35, p. 1278 ; 1912, vol. 36, 
p. 1169. 

Rubber Furiflcation. 

MASSACHUSETTS STATE BOARD OF TJEALTH, Forty-Third 
Annual Report, 1911, p. 302. 



OHArTEU XI. 


PUMPS, SCREENS, TANKS, FILTERS, AND OTHER 
APPARATUS. 


Pi'uips—Screens—.Siiiii)le ronns—Lojigwood Eiigiiiecriiig Co.’.^ .siTcrn - Koiii’.s .sorron— 
Chambei-K and llamniiind’s screi'ii —Otlicr rornis—Meiers-Settling tanks—I'rin- 
ciples of coiisti’uetinn—Septic tanks—(llieniieal precipitation Sludge treatment— 
Burj'ing in trenches—Slndge-drying lilters—Sludge jiressing—Straining filters— 
Binhigical filtration— I’orcolating filters- Distrihution oflnjuid on filter—Slate beds 
and contact beds — Land treatment — Evaiioratore and incinerators — Porion 
evaporator—.Scott’s nmltiplc-ellect evaporator—Yaryan evaporator—Kestnor boiler 
and evaporatoi-—.Scott’s rovidviug incinerator—Conclusion— l!ibliogra))by. 

In doiiling with the purificiition of refuse from individual trades and in 
e-vplaining the metliods adopted in particular eases, descriptions have 
already heeu given of many kinds of apparatus used, but it may perhaps 
be usefid, and will serve to show that there is in every case a choice of 
methods, if the various operations and the forms of apptratus suitable at 
each stage of the purific.ation process are discussed in detail. 

Pumps,—It is impossible within reasonable limits to deiscribe the 
various forms of apparatus used for raising waste waters and sludge. 
Those, may be found described in detail in text-books on mcchaiiiwil 
engineering. It may suffice hero to point out that many waste waters act 
injuriou.sly upon the metal of which pumps are ordinarily constructed. 
In many cases, therefore, it is necessary to see that pumps are made of 
gun metal or other acid-resisting mixterial. For lifting sludge, steam 
injectors, such as are made by Messrs Mather and Platt, Ltd., .Salford, have 
been found useful. They arc not to be recommended for continuous work, 
such as, for instance, the pumping of the entire volume of trade waste 
water, inasmuch as their steam consumption is comparatively great; but 
this objection does not apply to their use for lifting sludge, as that is only 
done at considerable intervals and for short periods. For short lifts 
diaphragm pumps are found very useful' for sludge, and where the sludge 
contains fibre or other obstructive solid matter chain pumps can be 
employed. Or, the plan in use at many sewage works can be adopted, 
whore sludge is run into an air-tight receiver and blown out by compressed 
air. These few instances may servo to show that'it is always necessary in 
choosing a pump to consider carefully the nature of the liquid to be dealt 
with. 
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Screens. —Many kinds of trade refuse contain quantities of fibrous 
matter and co.irse solids, and these it is better to remove as a preliminary 
step in piirifioa^ioii, as otherwise they may interfere witli the proper 
working of pumps, greatly increase the volume of sludge [jrodiiced by the 
after treatment, or choke up any filters which may he used. 

Wliero tlie object of screening is simply to prevent the passage of 
materials which would interfere witli pumping, it is generally sufficient 
to partition oOT the corner of the pump well in which the suction pipe is 
placed by means of a vei’tical or sloping screen of parallel iron bars, some 
I inch in dianuitcr and I inch apart, and this can be easily cleaned by 
means of a rake. 

The fibrous matter, if recovered l)y itself, has frequently a substantial 
value, as, for instance, that which accomiiauios the refuse from piece- 
scouring and vvaste-caittou bleaching (see j)p. 179 and lO.h); while amongst 
the c,oar.s(! solids, which it is bettor to remove by screening than to permit 
to pass on into settling taidcs, are, for instance, the light and defective 
grains in grain-washing waters and the spent woods in dyewaters (see 
pp. 7)0 and 1 Of)). For the removal of these fibres and other solids several 
kinds of sci’ccning apparatus are iivailable. 

One of the simplest iirrangemcnts consists of a box, the bottom of 
which is formed of perforated copper. Into this the trade refuse is 
discharged, when the fibrous or other solid matters are retained and can 
be brushed offi, the licpiid escaping through the perforations. This kind 
of screen is freipiently adopted in mills in the wool trade, one being 
placed ivt the outlet from each washing machine. It is found, however, 
that a great deal of fibrous matter escapes arrest; in one case as much as 
25 per cent, of the fibrous matter recoverable was found to have escaped 
through such a sieve box. 

' A better arrangement is to form the bottom of the sieve box of 
maltkiln tiles (see Fig. dO), such as arc used for the floor of every 
maltkiln. These tiles are usually 12 inches square and 2 inches thick, 
and are imidc of glazed eiirthonware with numerous perforations arranged 
in a particular manner. On looking at the under surface of the tile a 
series of holes is seen, about J inch in diameter and inch apart, and 
not penetrating through the tile, but leaving a shell on the upper surface 
about I inch thick, through which smali conical perforations are made 
about inch in diameter at the top, and about inch at the bottom. 
On looking at the upper surface of the tile these small perforations are 
seen in circular groups. When these tiles are used in the sieve box of 
a piece-scouring machine it is found that the liquid part of the scouring 
refuse escapes more freely than through a copper sieve, leaving the fibres 
on the tile, and that these fibres are easily brushed off from the glazed 
surface. The cost of this form of screening apparatus is insignificant, 
as the price of the tiles is only about a shilling each, and any joiner can 
readily put together the box to contain them. 
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When a screen is provided on the general outlet drain from a mill it 
may take one of the above forms, but more commonly is on a different 
plan. If the drain is a wooden trough a aeries of iroij spikes is often 
arranged projecting upwards into the li(piid from the bottom of the 
trough, and on tliese the waste fibres become entangled, to be removed 
from time to time by means of a rake. Obviously this form of screen 
can only be used for tlie recovery of fibres of some length, such, for 
instance, as those escaping from wool washing. 




Sect/o/y 

Fifi. 40.—Maltkiln Tile. 

All the above forms of screening apparatus are gradually being dis¬ 
placed by automatic and much more effective machines, one kind of which 
has been in use in a simple form for many years at various mills, but has 
been patented in an improved form by the Longwood Engineering Co., 
Ltd., Longwood, near Huddersfield. 

Fig. 41 shows this machine. The liquid to be screened is passed 
through a half cylinder of perforated copper, '144 perforations to the 
square inch, and each perforation '"ch in diameter. On this screen 
fita in tihfi refuao are cnt^n^^lod, and before they have time ix) pass 
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through the perforations they are caught up by a revolving brtish and 
deposited in a box. The fibres are tlms well washed in the rush of water, 
and, to a considerable extent, dried by the brushes pressing thorn against 
the copper sieve, and means are provided for adjusting the brushes from 
time to time as they arc worn down. The apparatus is, therefore, almost 



V 





2 


automatic, the only attention required being the removal of the collected 
fibre. The revolving brush in the figure is shown to be driven from the 
shafting of the mill, but in cases where there is a sufficient fall on the 
mill drain the flow of the »efu 80 may be made to drive a small water-wheel, 
from which sufficient power can be obtained to drive the brushes. This 
apparatus is extremely effective, and in an ordinary woollen mill may 
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often be counted upon to recover in a year sufficient iibre from the refuse 
waters to pay for its installation. The cost of an apparatus of this kind 
to deal with a flow of 1000 gallons an hour would bo about £20. For a 
larger flow, say 14,000 gallons an hour of piece-scouring refuse, or double 
that volume of dyowater, the cost would be about £.^5. 

Another somewhat similar screen, made by <1. Kent, Ltd., High 
Holborn, London, large enough for a flow of 10,000 gallons per hour, is 
shown in Fig. 42, and costs about £1.'). 

Messrs (Jhamljers & Hammond, Chemical Engineers, Huddersfield, 
have recently brought into use a patent screen (No. 7090, 1912) in quite 



another form, as shown in Fig. 43. They propose that it should be used 
in the form shown for dealing with wool-washing suds. Two circular 
vertical screens revolving on the same shaft are placed in the course of 
the mill drain, with a catchpit between them to retain sand and other 
heavy impurities. The screens are formed of perforated copper, the 
perforations in the first being much larger than those in the second, and 
the copper is stretched upon a vertical iron wheel which revolves in a 
chase in the drain and up against a back plate, which prevents the escape 
of the liquid except through the screen. The fibrous matter is auto¬ 
matically removed from the screen by means of what may be termed a 
“rubbing plate,” or board fixed vertically against one quadrant Of the 
rotating screen at a distance of | inch from its ‘face. The fibre screened 
out of the effluent is entrapped between the screen and the rubbing plate, 
and, when sufficient has accumulated, is compressed into rolls which are 









Fig. 43. —Automatic Flock Screen. (Patented by Chambers & Hammond, Huddersfield.) 
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finally discharged over the top of the nibbing plate into a tray placed for 
its reception. • Tlie power required to work a 6-foot screen, which is 
sufficient to deal with a flow of 15,000 gallons per h 9 ur, is said not to 
exceed J H.l’., and in one such case the amount of wool recovered is said to 
bo 100 lbs. daily. The cost of the apparatus shown in the figure, including 
the settling tank, and large enough to deal with 1000 gallons an hour, 
would be approximately £32, and for a flow of 10,000 gallons per hour £72. 
A single screen to deal with 10,000 gallons per hour would cost about £40. 

Yet another form of automatic screen which has been used for 
screening dyewaters is that p.atented by Mr Pearson and used for many 
years at one of the branches of the Bradford Dyers’ Association. A very 
similar screen is described and illustrated in the Mitteihmujen aut der 
Kdni;ilicheu Piiifum/mnsfalf, Berlin, 1908, vol. 10, p. 104, as in use at a 
woelleu mill near Berlin, and it has been introduced into this country by 
the Chadwick Machine Co., btd.. Textile Engineers, Cleckheatou. These 
two screens are in the form of a revolving cylinder covered with perforated 
copper or ivire gauze. The refuse is discharged into the interior of the 
cylinder, when the water escapes through the perforations, and the fibre, 
caught on the inner surface of the perforated lining, is carried by the 
revolution of the (^linder to a point where in one case it is removed by 
a “doctor” or scraper, and in the other ease is blown by compressed air 
or steam on to a conveyor or travelling band which deposits it in a 
receptacle provided for the purpose. 

Two other forms of sercen have been described in connection with the 
treatment of graimwashing refuse. 

Meters.—In all cases it is advisable, and in some oases, as, for instance, 
when trade refuse is received into a sewer on terms of payment, it may be 
necessary to use a meter to record the flow. Such a meter should always 
bo placed so as to medsun; the flow of the refuse after the fibre and gross 
solids have been removed by screening, as these would otherwise interfere 
with the working of the meter. In some cases it may be found convenient, 
and it would certainly always give more reliable results, to measure the 
eflfiuent after purification. 

There are many forms of motor on the market. One of the simplest 
is in the form of a single or double tipper (see p. 272), which passes on a 
definite volume each time it discharges. To the axle of the tipper a 
ratchet arrangement is fixed, by means of which the number of discharges 
is recorded, so that it gives a very reliable measurement of the total 
volume passing during any given period. This arrangement is not suited 
to the measurement of large volumes, as the wear and tear on a large 
instrument is very great. 

In the water softener of Lassen and Hjort the contrivance adopted for 
the measurement of chemical precipitants (se^ p. 260) is actuated by such 
a tipper, and can readily be made to record the flow of water passing 
through it, as well as to regulate the quantity of precipitant. 
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Another form of meter, more suitable for the measurement of larger 
volumas, is the Lea recorder, made by the Lea Recorder Co., Manchester. 
This is in the fornt of a tank with a V-sbaped notch outlet, provided with 
a float and clockwork recorder which gives the rate and amount of flow in 
a diagrammatic form. The accuracy of this instrument depends upon the 
true setting of a curve upon a metal cylinder, and in all cases it is necessary 
to check this by some other means of measurement, as, for instance, the 
filling of a tank, but when such a check has once been carried out tho 
results are very reliable. The cost of an instrument of this kind to 



measure a flow approximating 1000 giillons an hour is about fSO, and for 
a flow of 10,000 gallons an hour £40. 

Another form of meter which has been found useful, for example at 
Huddersfield, for recording the flow of trade refuse discharged into the 
sewers, is made by G. Kent, Ltd., and shown in Fig. 44. The refuse is 
made to rise through an orifice in whicli a small turbine or fan is placed, 
and by means of the revolutions imparted to the fan the quantity of liquid 
passed is shown upon a counter. The price of a meter of this kind to 
deal with a flow of 10,000 gallons per hour would be about £10, but if a 
mechanical strainer is adde'S, and this is usually necessary, the total price 
would be £26. 

Messrs Kent also make a V-notoh discharge recorder ^“Irrigation” 
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meter), shown in Fig. 44a, which has hoeu successfnlly used for measuring 
the flow of trade refuse. 

Kent’s Venturi meter, well known in connection with measuring water 
supplies, can also he used for measuring waste waters, and as the firm have 
recently patented ii method of measuring chemical precipitauts according 
to the flow, by means of a Venturi tube, a combination of the two inyentions 
may be found extremely useful (see p. 2f>2). A 2-inoh rdbording Venturi 
meter for a flow of 1000 gallons per hour costs £90, while a 6-inch meter 
for a flow of 10,000 gallons per hour costs £1.6,'). 

Other water meters, tor example the Helix and the Bee meters, made 
by the Leeds Meter Co., Ltd., for smaller flows, and Olenfield and 
Kennedy’s meter for larger, are also suitable for the measurement of 
refuse waters. 

Settling Tanks.—In preceding chapters de.scriptiona and illustrations 
have been given of several forms of settling tank. The most i)rimitive 
form is that of a square or oblong tank, into which the liquids are 
received and allowed to undergo (piicscent settlement. This form is 
still generally used in soak tanks for the recovery of grease from soapy 
liquids (see p. 112). In tho Archbutt-Dceloy process of Messrs Mather 
and Platt, Salford, such tanks are also used both for water softening and 
for the purification of trade refuse, but the deposition of the solids is 
assisted by a patent device. Some of the sludge is always retained in 
the tank, and after the tank has been filled with the li(juid to bo treated, 
and after the addition of the precipitant, this old sludge is blown up by a 
current of air so ap to mingle thoroughly with tho rest of the tank con¬ 
tents. By this means all the finer suspended matters are agglomerated 
into particles of larger size, which readily settle when the agitation of 
the tank contents ceases. The results of this method as applied to the 
refuse from a woolleiTmill are given on p. 108. 

The adoption of this quiescent form of settlement entails considerable 
attention, inasmuch as someone must be present to close the inlet of the 
tank when it is filled and to let oflf the liquid coutcuts and the sludge at 
proper times. . 

Quiescent settlement is not, however, necessary, for it has been found 
that even when the liquid is passing continuously through a tank of 
sufficient capacity the lessened velocity causes almost complete settlement 
of the suspended solids. When the liquid enters by a pipe inlet and 
escapes by a similar outlet the solids chiefly settle in that part of the tank 
which lies directly between the inlet and the outlet, and the settlement is 
very incomplete unless the capacity of the tank is very large in comparison 
to the flow of liquid. The effectiveness of such a tank is enormously 
increased by causing the liquid to enter over a sill which extends the 
whole width of the tank, and to escape over a similar sill, and this can 
easily be attained by interposing a wooden trough at the inlet and again 
at the outlet (see Fig. 32). This arrangement, as stated on p. 184, 
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equalises the velocity of the current over the whole width of the tank and 
reduces it to a tninimutn. In such a tank the movement of the liquid is 
for the most part confined to the superficial layer, especially if the liquid ■ 
is warm as it enters. 

As has been frequently mentioned, the waste waters coming from a 
mill »ary greatly in character at short intervals, and better results are 
obtained if the’ various liquids are mixed as thoroughly as possible. This is 
best attained by the provision of a preliminary mixing tank (see p. 140), in 
which some form of stirring apparatus may be provided (see p. 175), or, 
where the liquids have to be pumped, by making the pump well of sufficient 
size; but the same advantage may be to some extent gained by placing a 
baffling wall or wooden partition across the whole width of the settling 
tank, by means of which the incoming liquid is directed downwards and 
made to mingle with the body of li(juid already in the tank (see pp. 184 
and 19G). As suggested on p. 197, such a baffle wall should not reach 
down too near to the bottom of the tank, or the incoming liquid will stir 
up and carry along with it some of the solids already deposited. 

The tendency for the movement in a liquid passing through a tank to 
affect mostly the superficial layer has much to do with the settlement of 
suspended solids; the.se, as they are carried down by gravity out of the 
more rapidly moving li(piid, fall into comparatively quiescent layers, where 
they have increasefl opportunity of settling to the bottom of the tank. 
This fact is often taken advantoge of in tanks of considerable length by 
interposiitg a submerged wall across the middle. Such a wall reaches from 
the floor to the same level as that of the inlet and outlet sills, so that the 
liquid passes over it in a thin stream, and behind it there is formed a com¬ 
paratively quiescent pool in which the solids can more readily settle. 

In nearly all cases it is necessary to prov.de scumboards for the 
purpose of preventing floating solids from escaping in the tank effluent. 
The simplest form of soumboard consists of an 11-inch plank placed so 
os to float edgewise across the whole width of the tank; when floating 
freely between guides such a plank will always stand about 2 inches out 
of the water. It should bo placed within a foot of the outlet sill, when 
the effluent will escape from underneath it and leave the floating solids 
behind (see Fig. .87). 

In a settling tank such as the above the floor should bo formed in such 
a way as to facilitate the settlement of the solids and the removal of the 
resulting sludge. The bulk of the solids, especially the heavier portion, 
settles near the inlet end, and the tank should therefore be deepest at this 
end and should have the sludge outlet here. The floor should have a 
considerable slope towards this end, say 1 in 40, so that the sludge, 
if very liquid, will flow to the outlet, or can easily be pushed down by 
means of a broom or squeegee. 

When a tank is being cleaned it is never satisfactory to deal with the 
liquid contents along with the deposited sludge, and an elbow-jointed 
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pipe or floating arm (see Fig. 4.'5) should always be provided in order 
to decant the top water before discharging the sludge. Another con¬ 
trivance of this kind is shown in Fig. 46; the decantiag valve consists 
of a cast-iron standard in water-tight sections sot within a tank, and 
each section can be raised in turn by moans of a screw, so that the tank 
contents can be drawn off in layers. • 

Perhaps the best arrangement of settling tanks such as the above is 
that shown in Fig. 37. The method of use and its advantfiges are set out 
on p. 196. Tanks arranged thus have been inkoduced at the sewage 
works of the llradford Corporation, and it may be noted that whereas 



Fio. 46.—Floating Arm. (From Dunbar’s Heimge Treatment.) Fie. 46.—Decanting Valve. 


with an older form of settling tank the sludge produced was always very 
liquid, containing over 95 per cent, of moisture, it is now easy to obtain 
a sludge with less than 85 per cent. 

The value of this reduction of moisture can be appreciated from the 
curve shown in Fig. 47. The onlinates of the curve, using the upper row 
of figures, represent the tons of sludge, containing one ton of dry solid 
matter, when the moisture present is varied from 0 to 90 per cent., these 
percentages being indicated by the abscissa:. By using the lower row of 
figures the same curve shows the rapid increase in the weight of sludge, 
containing a constant amount of dry solid matter, as the percentage of 
moisture is increased from 90 to 99. Thus in the former case, if no 
moisture is present there is a ton of dry solid matter; if there is 50 per 
cent, of moisture, 2 tons of sludge contain 1 ton of dry solid matter; 
whereas if 90 per cent, of moisture is present, there will be 10 tons of 
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sludge although the dry solid matter is not increased. In the latter case 
a tun of sludge containing 90 per cent, of moisture will be increased to 
6 tons if 98 per cent, of moisture is present, although it contains the same 
amount of dry solid matter. 

A new form of settling tank (see Fig. 48) has recently been brought 
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Fie. 47.—Relation of Weight to Moisture in Sludge. 

into use by L’Kpuration, Soci^te auonyme, 59 Rue de Namur, Brussels, 
in their Vial system of sewage purification and water softening. Tanks 
of this kind have been constructed at Ostend Sewage Works. Each tank 
there is 147 feet long, 16| feet wide, and has a capacity of 276,000 
gallons, equal to the daily quantity of sewage passing through it. 

The sewage passes into each over a sill extending over the whole 
breadth of the tank, first into a wedge-shaped compartment 16 feet deep, 
where the grosser solids settle, and then over a submerged wall into a 
larger compartment, the bottom of which is of the same depth at the inlet 
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end, but slopes upwards to an outlet sill at the further enO. In this 
second compertment eleven submerged walls are provided, each extending 
across the whole width of the tank and to some depth in the liquid, but 
not to the bottom of the tank, and over each of these the sewage flows 
in a shallow stream about half an inch in depth. Soumboards are also 
presided to keep back floating matters. The object of this arrangement 
is to make tRe sewage flow from one end of the tank to the other in as 
slow and as superficial a current as possible, while the main Ixxly of the 
liquid in the Link is kept nearly quiescent, so as to allow of the settlement 
of the suspended solids immediately they fall out of the current, the sub¬ 
merged walls serving the purpose of checking the current underneath the 
surface and directing downwards the particles of suspended matter. The 
sewage is said to take about fifteen minutes to pass through the tank. 

The sludge is discliargcd from the tanks by bottom valves under 
pressure of the head of water, three times a day from the first or wedge- 
shaped compartment and continuously in small amount from the second 
compartment. It is therefore noiiessarily very liquid in character, 
containing about 9.') per cent, of water. 

In the tanks already described the main flow of the liquid is in a 
horizontal direction, but it is found that in a settling tank in which the 
liquid is made to flow in an upward direction the suspended solids carried 
in it are more readily deposited or left behind by the current, when that 
is sufficiently slow. The deposition of the suspended matter with such an 
upward flow is j)robably in great part assisted by the entanglement of the 
finer particles, ndiich are being carried upward iii tli« current of liquid, by 
the grosser particles as these fall to the bottom of the tank. I’erhaps the 
earliest form of upward-flow settling tank is that known as the “Dort¬ 
mund,” which ivas adopted for the settlement of the Dortmund sewage 
about 1886. Many variations of this tank have tieeu introduced, and one 
of the best known is that used at the Birmingham Sewage Works for the 
separation of the humus or fine suspended matter from the effluents of the 
percolating filters, and this, by the kindness of Mr J. D. Watson, is shown 
in Fig. 49. This tank has a pyramidal bottom and is sijuare in the upper 
portion, the liquid entering by a pipe which dips down into the middle of 
the tank, with a velocity at entry of 1 to 2 foot per second. As it emerges 
from the pipe it spreads out laterally and rises in the lower portion 
at a gradually decreasing velocity, until it reaches the upper portion, 
through which it rises at a rate of some 7 feet per hour. This check in 
velocity allows particles in suspension to fall to the bottom of the tank, 
and, in falling, to entangle and agglomerate other particles. The sludge 
thus collected is forced into the sludge pipe by the pressure of the over- 
lying water on opening a valve, and the sludge pipe is arranged vertically 
so that any obstruction can be pushed out by a rod. The settled liquid 
escapes over a series of wide weirs on the wall of the tank, so that the 
velocity of exit is checked. 
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Another tank of similar form, shown in Fig. 60, has reoiutly been 
sanctioned oy the Local Government Board at Batley Sewage Works. 
This tank is provided with movable scrapers, worked from a central 
spindle, for detaching any sludge which may adhere to the sloping tank 
wall. Evidently hotter results could he obtained from this tank it the 
inlet pipe were prolonged downwards and the outlet were in the form of a 
weir or trough. Those alterations have in fact recently been made with 
good results, and similar tanks, in which these improvements have l)een 
adopted, are shown in Fig. 29. 

In another form of tank both the upward flow of liquid and the 


Inlet 



provision of a submerged wall have been adopted, as shown in Fig. 51. 
Tanks of this kind have been constructed at several of the sewage works 
of the Rotherham Rural District Council, and when made of a capacity eqtial 
to the average daily flow of sewage passing through them, have been found 
exceedingly effective in removing the solids from a precipitated sewage. 

In Waite’s apparatus, shown in Fig. 20, the principle of upward flow is 
adopted, and the advantage of reducing the velocity (see p. 133) is gained 
by dividing the Ikjuid passing through the first tower between the two 
final towers. 

In Mackey’s apparatus (Fig. 22), although the principle of upward 
flow is adopted, an object altogether different is aimed at; the liquid is 
passed into the tank at its lowest point, where the sludge naturally 
collects, so that the incoming liquid must pass upwards through layers of 





Section cross section 

Fig. 61. —Settling Tanks with upward flow and submerged wall. 
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sludge previously deposited, and these entangle the suspended matters 
carried in tlxli liquid, agglomerating the finer particles and converting 
them into coarser solids, in which form they settle more readily. This 
carries out continuously the principle which is carried out intermittently 
in the Archbutt-Ueeley process (p. 156). 

An ingenious form of tower for the settlement of suspended matters, 
which avoids the necessity for pumping, is that of the Gesellschaft fiir 
Wasserversorguug unfl Ahwasserbeseitigung, Uerlin (see Fig. 52), supplied 
in this country by the Septic Tank Co., Ltd., Westminster. In this 
apparatus, the inlet pipe, the sludge pipe, and the outlet pipe are all 
made to dip into small wells kept charged with liquid, that which receives 
the outlet pipe being at a somewhat lower level than that into which the 
inlet pipe dips. This difference in level is necessary to produce the 
syphonic action upon which the working of the apparatus is based. A 
fourth pipe has its origin in a funnel at the top of the vessel and serves 
for the escape of grease and other floating matters. 

In commencing to use the apparatus the valves at the foot of the 
inlet, outlet, and sludge pipes are closed, while that on the grease pipe is 
opened, water is turned on from the water main, and the vessel is filled 
until the water overflows through the grease pipe. The valve on this latter 
is now shut, and those on the inlet, outlet, and sludge pipes are opened, 
when the syphonic action begins, and any water entering the small well 
at the inlet side is sucked into the vessel, rises to the top, and escapes by 
slits in the horizontid arras of the outlet pipe. Sludge settles to the 
bottom and escapes by the sludge pipe. Where thq liquids dealt with 
contain greasy matters, these rise to the top and can be lot off from time 
to time by closing the iidet, outlet, and sludge pipes, and turning on the 
water from the main. If at any time the syphonic action is stopped by 
the accumulation of air or gas at the top of the* vessel, the air can be 
discharged by opening the valve on the grease pipe, closing all the other 
outlets, and at the same time turning on the water from the main just as 
when the apparatus is started. 

All these tanks in which the principle of upward flow is adopted have 
a great advantage in that their shape permits of their being emptied of 
sludge by means of the head of water they contain, and while they are 
still in use. With this in view, care is taken to construct the tanks with 
a more or less conical bottom, into which the sludge falls as into a funnel. 
When a valve on this funnel is opened, any desired amount of sludge is 
forced out by the w’eight of suporincumheut water. Sludge thus obtained 
is, however, very liquid, containing usually over 95 per cent, of water, but 
the method has the advantage that the sludge need not be drawn off at 
the level of the bottom of the tank (see Figs. 49 to 51), and thus little of 
the available fall is lost, afid sludge filters can be placed at a higher level, 
,an advantage which is often-of considerable importance. It is found in 
practice that a head of 4 feet of water is sufficient to express the sludge. 
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The capacity of settling tanks required for the trdatment of any waste 
waters is naturally dependent upon the volume to he treated, and upon 



Fig. 62.—Patent Cylindrical Tank. (The Septic Tank Co., Ltd.) 

the character and amount of the suspended matters present, and is also 
dependent on the form of tank chosen. In dealing with a liquid such as 
coal-washing refuse, where the specific gravity of the suspended solids is 
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high compared to that of water, so that they readily settle, ordinary tanks 
of a total capsxiity of half a day’s flow are sufficient to allow of perfect 
settlement, but Uie deposited solids are so large in amount that they take 
up a good deal of the available tank capacity, and extra tsinkg are there¬ 
fore necessary. For liipiids such as soapy waters or dyewatcrs, containing 
sujpeijded matter of low sp(!cific gravity, the rate of settlement is much 
slower, and tiulks of Jarger capacity arc rocjuisite. For such liquids, 
ordinary settling tanka sliould be large enough to hold two days’ flow. 
Where upward flow tanks, such as those of Waite and Mackey, and the 
Dortmund tank, are used, equally good results may bo obtained with lialf 
this tank capacity. It must be Ixirnc in mind, however, that with tanks 
of the ordinary form it is always necessary to have one or more in reserve 
to be used while others are being cleaned out, so that, as has been pointed 
out (p. 196), it is of advantage in such a case to have them subdivided 
into a number of units, so that when one is being cleaned only a small 
proportion of the Umk room is out of use. In choosing a particular form 
of tank regard must be paid chiefly to the available site and also to the 
necessity or advantage of pumping the refuse. 

In devising a scheme which includes settling tanks of the ordinary 
form the labour of dealing with the sludge must always be kept in view, 
and if possible the tanks must be constructcil so that the sludge will flow 
from them by gravitation. Should the natural fall of the ground be 
unfavourable, this can be accomplished by providing a sump, into which 
the sludge will flow, and from which it can be removed by pumping. 

Septic Tanks.—In describing the methods adopted •l)y various quoted 
authorities for dealing with liquids containing considerable amounts of 
organic matter, mention has fi'equently boon navde of treatment by septic 
tanks. These have no special form, except that they have to be arranged 
with an inlet and outlet both dipping underneath the surface of the lujuid 
in the tank, and full descriptions will be found in all text-books on sewage 
disposal. The name given to them refers to the method of treatment 
adopted, in which the liquid is retained in the tank until putrefaction has 
so far advanced that the solid matters in suspension become partially 
broken down. When this method of treatment was first introduced it was 
hoped by the inventor that this breaking down of the solids would proceed 
so far that all organic matters woidd be brought into solution or gasified, 
and that the sludge difficulty would disappear; but this hope has not been 
realised, and the reduction of sludge is in no case very complete. Septic 
tank treatment of liquids containing organic matter can never by itself 
suffice to produce effective purification, and the opinion is now generally 
held that it does not serve to bring them into the best condition for 
subsequent biological treatment, as they are almost wholly robbed of 
dissolved oxygen and contain sulphuretted hydrogen. Septic tank treat¬ 
ment is seldom to be recommended for trade waste waters, and if it is 
adopted the deposited sludge alone should be allowed to become septic, 
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while the clarified liquid is passed on for further treatment in a compara¬ 
tively fresh state. This is the object aimed at in the Hydrolytic Tank of 
Dr Travis (sec Tlut Suneym-, 1908, vol. 33, p. 673), and the EmscherTank 
of Dr Imhoff (sec The Surveyor, 1909, vol. 3.5, p. 62.5). 

Chemical Precipitation.—Chemic.al prccipitants may bo regarded as 
acting in two distinct ways upon the lupiid treated. Some combine with 
dissolved matters to form or to liberate insoluble solids; others are used 
to produce voluminous precipitates which entangle fine particles suspended 
in the liquid, and greatly hasten their rate of settlement. For instance, 
lime is often used to precipitate a soapy liquid by the formation of a heavy 
lime soap, and acid is used to sot free the insoluble fatty acids from a 
greasy liquid such as wool-washing refuse; while, on the other hand, lime 
with sulphate of alumina or with ferrous sulphate produces a voluminous 
hydrate which entangles fine suspended particles and forms a Lake with 
colouring matter. 

The choice of a proper precipitant and the amount to be used depend 
upon the nature of the liipiid to be treated, and should alw.ays Iw decided 
from the result of laboratory experiments. Instances of the use of the 
commoner precipitants, lime, sulphuric acid, alumino-ferric or sulphate of 
alumina, and ferrous and ferric salts, have been given in describing the 
treatment of dificrent kinds of refuse. It is obvious that if too great a 
quantity of any of these is used some will esca])c in the treated effluent, 
and may bo harmful to discharge into a stream, but it is generally easy 
to guard against this. It is often, tor instance, raised as an objection to 
the use of lime as .1 precipitant, that an effluent containing lime may be 
very harmful to users of the water lower down the stream into which it may 
be discharged, but if any lime escapes in the effluent it must be considered 
as needlessly wasted. The lime should be used as carefully as it is in 
softening a calcareous water, where it actually reduces the amount of the 
lime salts originally present in the water. 

The methods adopted for adding precipitants are often extremely crude 
and wasteful. When lime is used it is too often thrown into the liquid in 
the solid unslaked form, when much of it falls to the bottom of the settling 
tanks and remains unutilised, or in some cases so much is added that the 
liquid is either rendered very hard, or the excess acts as a solvent of 
previously deposited sludge. When alumino-ferric is the precipitant, a 
slab of it is generally placed in the mill drain, where it dissolves away in 
quantities which are often either too small for effective precipitation, or so 
large that there is a needless waste. Where acid is used it is too often 
added to a tank full of liquid in pailfuls without making any test of the 
proper quantity required. 

Lime is best employed in the form of milk of lime, which should be 
prepared in a special apparatvis such as is shown in Fig. 53. Lime 
sufficient for a day’s use is placed in the cask, water is turned on until it 
overflows, and the paddles are kept constantly revolving. The amount of 
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,milk- oi lime overnowmg can De regulated with considerauie nicety by 
varying the n'ate at which water enters the cash, and this is found to bo 
a great advantage in mills whore the waste waters vary greatly in 
volume or character, and especially where they are at times acid in 
reaction. l}y increasing the flow of water into the lime mixer at such 
times a full dose of the milk of lime is added to the acid refuse. 



The same apparatus can be used for adding alumino-ferric or copperas 
in solution, but in that case the overflow pipe should be brought up from 
the bottom of the cask. In that case, too, the solution of the precipitant 
must bo aided by the use of steam or hot water. 

There are many othdk contrivances for adding precipitants in liquid 
form either in proportion to the flow of refuse at the time, or in continu¬ 
ously regular quantities. One such has already been described in connec- 
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tion with Waite’s apparatus (see p. 133). Another quite different form is*< 
that used by Lassen and Hjort in connection with their water softeners. - 
The same apparatus can, <as already mentioned (see p. 244), be 
used both for measuring the flow and for regulating the amount of 
precipitant. The refuse to bo treated is discharged from a pipe into 
one compartment of a double tipper, and when this is full the tipper 
falls over and receives the refuse in the other compartment. The axle 
of the tipper is continued into the tank containing the liquid pre¬ 
cipitant, and there actuates a valve in the bottom of the tank, which 
opens with each movement of the tipper sufticiently to allow the proper 
dose of precipitant to escape. On this axle metal paddles are also 
fixed wliich serve to keep the liquid precipitant constantly agitated. 
As above suggested, the axle of the tipper may at the same time be 
made to record the number of discharges by an ordinary form of 
ratchet movement. 

In works where the refuse must be pumped it is an ctisy matter, by the 
use of a subsidiary pump worked off the shafting of the main pump, such 
as is mentioned on j). 144, to ensure that the precipitant is added in 
proportion to the amount of liquid raised. 

In works where the tanks are in the form of a tower the labour of 
carrying the prccipitants to the top of the tower can easily be avoided by 
mixing or dissolving them with water in a tank at the ground level and 
raising the mixture by means of a chain pump. If this is actuated by a 
small water-wheel, which in turn is driven by the force of the refuse water 
entering the tower, the amount of precipitant raised will be in proportion 
to the flow of the refuse, and this method has recently been adopted by 
Mr Mackey in connection with his jdant described on p. 139. 

Another apparatus for adding dissolved precipitants in regular and 
measured quantities is Siiown in Fig. 54, as in use at Wakefield Sewage 
Works for adding a solution of ferric sulphate to the sewage. The 
precipitant in solution is ram into a feed tank in which it is kept at a fixed 
head, for example, by governing the inlet with a ball valve. From this 
tank it is fed into one of three glass cylinders. Each cylinder is provided 
with a restricted outlet, and when the liquid it contains stands at a known 
level, the amount escaping from the orifice can be ascertained by actual 
measurement. So long, therefore, as the level of the li(juid in the cylinder 
is kept constant, a known and regular amount of precipitant is escaping, 
and this constant head can bo maintained by regulating the tap on the 
outlet from the feed tank. Each cylinder has three marks, at which levels 
the amounts of precipitant discharged are in the proportion of 1, 2, and 3, 
and by using the cylinders separately or together the rate of flow of the 
precipitant can be regulated with great exactness. 

An ingenious method of adding liquid precipitants in direct proportion 
to the flow of the liquid treated has recently been introduced by G. Kent, 
Ltd. (see Journ. Soc. Byers and Colorists, March 1912, p. 108). The 
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apparatus has the advantage that it can also be adapted for the regis¬ 
tration of the iow of the liquid. Fig. 55 shows the apparatus, to which 
the patent name of Tiltometer has been given. Tlie crude waste 
water flows through a Venturi tube, which is a pipe throttled to take 
advantage of the principle that the velocity of the liquid in passing through 
the (throat or restricted part of the tube is increased and the pressure 
proportionately diinUiished. The upstream and throat portions of the 
tube arc separately connected to pipes containing floats, which are con¬ 
nected one to either end of a tilting beam; the beam in its turn operates 



Fio. 64. —Apparatus for adding Liquid Precipitauta. 


a tilting tank in which a constant level is maintained by a ball cock, the 
outlet of the tank being furnished with an adjustable orifice ou a projecting 
arm. The working of the apparatus is as follows:—As the crude waste 
water flows through the Venturi a difference of level corresponding to the 
rate of flow is produced in the float pipes, and this causes the tank to tilt, 
with the result that the end of the projecting arm is lowered to a distance 
below the constant level of the precipitating reagent in the tank, exactly 
proportionate to the rate of flow of the crude waste water in the Venturi 
tube. This allows the rqggent to escape from the tank in proportion to 
the rate of flow, and by adjusting the orifice the dose of precipitant may 
be increased or decreased as desired. The precipitant flows into a funnel, 
from which it is led to the mixing tank. The price of the Tiltometer 
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for flows of refuse between 1000 and 10,000 gallons per hour i* from £80 
to £100. . 

Sludge Treatment.—Sludge, as it is discharged from any kind of 
settling tank, always contains a large proportion of water; in some oases, 
as has been mentioned, more than 95 per Cent., and at the best seldom less 
than 80 per cent. In this condition it is a semi-laiuid sloppy material 
exceedingly difficult to handle, and as in most cases it has to bo finally 
disposed of at some tittle distance from the purification works, it is usually 
necessary to dry off the moisture so as to bring the sludge into a condition 
in which it can be removed by sp.ade and cart. This drying also diminishes 
the weight of m.aterial to bo removed, for, as pointed out on p. 248, when 
the moisture in a sludge is reduced, say from 90 to 70 per cent., the weight 
is reduced to one-third. 

hnryiwj in Tmuiies _When sufficient area of land is available it is 

quite possible to deal economically with the wet shidge by burying it in 
trenches in the ground, and, in fact, this method is one of the cheapest 
that can be employed. 

The disposal of sewage sludge in this manner has been described in the 
Fifth Iteport of the Itoy.al Commission on Sewage Disposal, 1898 (p. 171), 
where also estimates of the cost arc given. The method has now been in 
use for over thnx! years at Wakefield Sewage Works, where the sludge has 
been largely produced from the treatment of trade refuse. The soil in 
which the sludge is there buried is about as unsuitable as can be imagined, 
and yet the sludge has been disposed of with very little trouble, and as 
the cost h.as been carefully ascertained, some descrij)lion and details of the 
method as there practised may be useful. 

Parallel trenches are dug in the soil, the excavations being 3 feet wide 
and 1| feet deep, with a space of 5 feet between, upon which the excavated 
soil is piled up. The trenches are dug some timftbefoi'e they are reejuired, 
as it is found that the soil, which is a stiff clay, absorbs moisture from the 
sludge more easily after being weathered. The sludge is run by gravita¬ 
tion from the settling tanks, where it has been precipitated by lime and 
ferric sulphate, into a sludge well, and thence is pumped into au iron main, 
through which it is distributed to the trenches. These are filled to a 
depth of 2 foot, and after most of the water has percolated away or 
evaporated they are again filled with sludge to the same level, and this 
process is sometimes repeated a third time. The sludge is allowed to dry 
for some time (generally about three weeks in ordinary weather), and the 
soil between the trenches is then filled in until the land is level again. A 
plan and section of the ti’onches are given in Fig. 56. A new trench can 
be dug in the 5-foot interval between the original trenches, and a further 
amount of sludge deposited there, and after a sufficient time lias elapsed 
for the sludge to consolidate and become partly incorporated with the soil, 
the process can be repeated over the whole area. 

At Wakefield, the cost of making and tilling th? trenches amounts tp 
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4 d. per linear yard of trench, and as the trenches are filled 2 feet deep with 
sludge, this amounts to 6d. perj^ubio yard of wet sludge if only one dose 
of sludge is applied, but if three doses are applied, as described above, the 
cost would not bo much more than half this amount. The area of land 
required for this method of disposal is given in the lleport of the Koyal 
Commission as between 1 and 3 acres per 1000 tons of wet sludge, 
according to the porosity of the soil. It is, however, not often that 
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Fir. 57.—Sludge Filter. 

sufficient land for the jidoption of the .above method is available on a 
m.anufacturor’s premises. 

Dryiny on Slndc/e Fillers .—The commonest method of drying the sludge 
is by running it on to a sludge filter where the moisture can easily drain 
away, and the construction of such a filter is an important matter, 
inasmuch as with an imperfect filter the period required for drying the 
sludge may extend over , months, whereas if the filter is carefully made 
less than a week may suffice. 

In one form of construction (sec Fig. 57) the filters are built in bays, 
each bay having brick walls round three sides and a concrete bottom, 
which slopes with a good gradient towards the fourth side. This fourth 






PUMPS, SCREENS, TANKS, FILTERS, AND OTHER APPARATUS. 265 
• *. 
aide is closed by wooden battens sliding in grooves in the briokv. ork. On 
the floor of tt>e filter throe lines of perforated pipe drains are laid, and on 
these is placed (^ho filtering material of engine clinker, varying from pieces 
2 to 3 inches in size at the i)ottom to fine clinker freed from dust at the 
top, and in all al)out 18 inches deep. The clinker is heaped up at the 
bacl^of the wooden battens, so that any liquid escaping must pass through 
it. .fust outside tlio^ wooden battens there is a channel in the concrete 
which receives the liquids dnainiiig from the sludge. 

This escaping liquid is seldom sufficiently pure to be discharged to a 
stream, and the purification works should be so arranged that it can be 
readily returned to the settling tanks to be purified along with the crude 
refuse. This is an easy matter where the crude refuse is received into a 
pump well and lifted into settling tanks, for in such a case the filters 
should be so placed that they will drain into the well. In other cases the 
settling tanks have to be emptied by pumping, and then the sludge filters 
can be placed at such a level that they will drain back into the tanks. 

Another form of filter is constructed with four brick retaining walls 
and a concrete floor, the latter sloping from either side to a central 
channel. This channel is covered by flat stones or tiles, resting on 
stipports which raise them from the surface of the concrete. The under 
drainage is carried mit by covering the whole surface of the concrete 
with rough stone pitching, such as is used for the foundation of a 
macadamised road, the stones being laid parallel to the ends of the tank, 
so that liquids draining away arc directed to the central channel. The 
filtering material consists of engine clinker, arranged as shown in Fig. 58, 
with a very fine layer, freed from dust, on the surface. In one case the 
cost of such a filter of 38 sipiaro yards in area amounted to ^30; in 
another case a similar filter of 224 square yards area cost £TS ; the price 
in both oases including material a:id labour. ’ 

The successful use of this filter, as of the last, depends upon careful 
management. It is essential in both cases that a sufficient number of 
filters should bo provided, so that at all times some can be out of use for 
cleaning and resting. The sludge should never be poured on to them to 
a greater depth than one foot. In a few days, in dry weather, the sludge 
is sufficiently dry to be removed by spade, and if the removal is carefully 
done a little of the top layer of fine material is lifted off with the sludge, 
leaving a surface quite clean and unclogged. A little fresh fine material 
is sprinkled over the surface and the filter is at once ready for another 
dose of sludge, although it is bettor to leave it exposed to the air for at 
least a week. The advantage of having a filter upon which a charge of 
sludge can be dealt with once a fortnight need hardly be pointed out, and 
similar results could be ensured in wot weather by placing a roof over the 
filters, as, indeed, is often*done by manufacturers who have greasy sludge 
to deal with. 

The time taken for the drying of a very liquid sludge can be much 
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shortened by drawing off the supernatant water, which quickly separates 
after the sludge has been discharged on to a filter. Several forms of 
decanting valve are on the market, hut perhaps tlie simplest contrivance 
is to board off one corner of the filter with planks in which 2-inch holes 
are bored at different levels. Those holes arc closed l)y plugs which are 
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Fi«. 58.~Sludge Filter. 


removed as the sludge sinks below them, thus allowing supernatant water 
to escape. This water is generally rather foul, .and should in all oases he 
returned for treatment along with the crude refuse. 

Where the sludge produced from trade refuse has a manurial value, 
and where there are stables upon the manufacturer’s premises, a patent 
method of sludge disposal which has been adopted at Penrith Sewage 
Works may be found very useful. The sludge at Penrith is very liquid, 
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being forced from the settling tanks by hydraulic head. For its reception 
four beds have been provided, similar to those in Fig. 57, with concrete 
bottoms and bri^k walls round three sides. In these beds a layer of straw 
or stable litter is placed some 6 inches thick, and this is covered by a 
layer of liquid sludge; then another layer of litter is laid, followed again 
by a,covcring of liquid sludge, and the process is repeated until the bed is 
full. At the open end of the hod the litter and sludge arc kept in place 
by battens. The bottom of the bod is freely under.drained by means of 
perforated half-pipes plaeed on the concrete floor, and from these a 
number of perforated upright pipes are brought up to the surface for 
drainage and aeration. Uy this arrangement the water escapes rapidly 
from the sludge, filtering through the straw, and in a very short time the 
whole contents of the bed are consolidated into a mass which is easily dug 
out to be carted away. The straw used is partly litter from the Urban 
District (foimcil’s sfables, partly straw got from a farmer in exchange for 
grass from the sewage works, and partly litter from adjoining private 
.stables. Each of the beds is emptied aboiit once in six weeks, and there is 
no difliculty in selling the contents to farmers at Is. fid. per load. 

liy treatment upon filters such as those described aliove the moisture 
in a sludge can bo reduced to 75 pi!r cent., and the sludge thus dried is 
brought into a condition in which it can be easily carted away. By 
referring to Fig. 47 it csiu be calculated how very greatly this drying 
reduces the weight of materiai to be removed. 

Slndtje, /'res.swM/.—Where a sludge consists of very fine particles such 
as the fuller’s earth from blanket scouring, it is very retentive of moisture 
and very difficult to dry in any ordinary sludge filter. In such a case it 
may be advisable to press the sludge in a press similar to that used at 
sewage works, described in all text-books on sewage, and made in various 
forms by Messrs Maidovu, Alliott & Co., Nottinglulm ; S. H. .lohuson <k Co., 
Ltd., London; John Wilson A Sou (.1 ohnstoue). Ltd., Johnstone, N.B., 
and numerous other firms. 

It is ofteu found advantageous to settle a liquid sludge and remove 
the supernatant water before it is passed into a filter press, as has been 
described above in dealing with sludge on sludge filters. By doing this the 
moisture in the sludge may be reduced from 95 to 85 per cent., and the 
atnount of sludge to be pressed to one-third. It is frequently found that 
the iiddition of 1 per cent, of lime to a sludge enables it to be pressed much 
more rapidly and perfectly, as the lime forms insoluble soaps with any fatty 
matter present and acts upon the fine suspended solids so that they lose 
their retentiveness of moisture. By pressing, the moisture in a sludge 
may be reduced to something under 60 per cent., and the cake produced 
is easily handled. The^ Boyal Commission, 1898, in their Fifth Report 
(p. 170), give the total cost of sludge pressing, including iime, fuel, 
labour, press cloths and repairs, and also interest and sinking fund, as 
between 2s. 9d. and 3 b. 9d. per ton of press cake produced, containing 56 
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per cent, water, or between 7'3d. and 8'7d. per ton wot sludge, containing 
90 per cent water; but at Leeds, as already mentioned (p. 119), tbo cost, 
without including interest and sinking fund, only amounts to Is. 8d. per 
ton of press cake. 

In drying sewage sludge great attention has recently l)C(!n paid to tlie 
use of centrifugal macliines, but for the most part these .are more costly and 
less efficacious than sludge presses. The new eentr;fugal drier, liowever, 
described on p. 2.‘!0, appears much simpler in construction and easier to 
manipulate than any previously on tlie market, and is likely to he found 
very useful in dealing with sludge. 

The sludge produced from trade refuse and dried as described is, 
generally speaking, a useless material. In some cases it may contain a 
sufficient .amount (say 15 per cent.) of grease to he worth recovery' by a 
solvent process; in otlier cases the nitrogenous organic matters present 
may make the sludge useful as a maiiure; or the vegetable m.attcrs 
present may ho sufficient to give the sludge a calorific value; hut most 
often the sludge must be tipped upon a waste he.ap or used to fill up 
hollows or old (juarries. 

The ([uantity of sludge likely to bo produced from a trade refuse can 
be roughly estimated by iuscertaining the amount of suspended matter 
present, bearing in mind that the weight of sludge containing 90 per cent, 
moisture is ten times the weight of tlie dry solids it contains. Thus, for 
example, from the analyses in Table LXXIV. it can bo calculated that, in 
the samples there referred to, a ton of wot sludge containing 90 per cent, 
moisture may be expected from 400 g.allonB of coal-washing refuse, 7000 
gallons of piece-scouring refuse, 10,000 gallons of tannery refuse or 
dyewatcr, 27,500 gallons of brewery refuse, or from 40,000 gallons of 
papormakers’ refuse. 

Taking into account the volume of waste water produced in any of 
these trades, it will at once be evident what enormous amounts of sludge 
are discharged when the crude refuse is permitted to enter the streams. 
Indeed, no manufacturer can beforehand be made to appreciate the amount 
contained in his waste waters, and in a very large number of cases tliQ 
quantity of sludge actually produced has opened his eyes to the great 
waste of valuable materials which has been going on unnoticed. The 
saving he has in consequence been able to effect has often gone far to 
repay him for the cost he has incurred for the purification of his refuse, 
or has even yielded a considerable profit. Instances of this have already 
been given in the wool, coal, and paper trades. 

Straining Filters.—In most cases it is inadvisable to depend for the 
purification of trade refuse on precipitation or settlement alone. The 
tank effluent generally requires filtration, and in all cases this is desirable 
as a safeguard against the escape of floating or suspended matters. In 
many cases it is sufficient to pass the tank effluent through a straining 
filter, and this can be constructed like the sludge filter shown in Fig. 58. 
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Filters soon become clogged by the suspended matters arrested upon the 
surface and should then be dried off so that the coating of mud can be 
removed. It is necessary, therefore, that they should be made at least in 
duplicate, so that one can be resting while the other is in use. 

Filters of this kind are in common use at waterworks, but in that case 
sand is the medium usually employed and is, generally speaking, too fine 
for straining trade effluents, as the suspended matters they contain are 
greater in quantity and would soon choke the sand. Filters for straining 
trade effluents are much oftouer constructed of well-graded clinker. 

In place of ordinary sand filters there are many mechanical high- 
pressure filters used for water purification, and some of these, such as those 
of Bell Bros. (Fig. in), Candy, Boyles, and Mather and Platt, can be adapted 
for the efficient removal of suspended matter from tank effluents. These 
have the advantage, which has been described in the case of Bell’s filter, 
that they can be automatically cleansed. Another filter possessing this 
advantiige is the Wilson filter, which has already been described in 
dealing with the refuse from the paper trade (p. 88 ). 

Biological Filters.—In suggesting methods of purification for waste 
waters containing organic matter in solution, mention has repeiitedly been 
made of biological filters. These have now come into common use for the 
purification of sewage, and detailed descriptions of their construction and 
working c.in he found in any of the text-books on sewage, such as those of 
Dibdin (p. 88 ), Moore and Silcock (p. 629), Ilaikes (p. 222), Dunbar 
(p. 187), and Kershaw (p. 254). See also p. 64. 

Percolating Filtere .—In selecting a method of construction and the 
needful distributing apparatus for a filter for the purification of trade 
refuse, regard must be had to the ordinary working of the filter in the 
hands of an employee of the manufacturer. The scheme adopted must 
not be too costly; the apparatus must be as simple as possible; the works 
must be nearly automatic in action and must require a minimum of 
attention. Success will be found to depend in the first place on the 
adequacy of the moans adopted, secondly on the attention given to the 
details of construction, and thirdly on the care taken to keep the works 
in good order. 

The size of the filter must depend upon the quantity of liquid to be 
dealt with and upon the amount of polluting matter it contains, and in 
making the necessary calculations it must be borne in mind that usually 
the discharge of trade refuse occurs only during the working hours of 
the day. For a rough guide it may be said that at the least a cubic 
yard of filter must bo allowed for every 50 gallons per day of a strong, 
well-settled liquor, or for every 100 gallons of a weaker precipitated 
liquor. 

It will rarely be praeficable to deal with crude refuse upon a biological 
filter. The suspended matters must generally first be removed in settling 
tanks, and it will often be advantageous to use chemicals to neutralise undue 
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acidity or alkalinity, or to bring some of the dissolved matters out of 
solution so as to retain them as sludge in the settling tanks. As a general 
rule no attempt should he made to filter a Ikpud until the suspended 
solids have been reduced below 10 parts per 100,000. 

The ordinary apparatus for distribution on such a filter by means of 
rotating sju’inklers or jets is somewhat costly to install and requires a good 
deal of .attention. A simple metliod of distribution, which has bemi found 
efToctivc both on a small scale and when dealing with largo amounts, has 
been brought into use for dealing both with sewage and trade refuse, and 
a description of a filter thus ecpiippcd may bo found of service. The floor 
of the filter sliould be of some impervious material, preferably of concrete, 
and should be laid with a eousideiablo shqic to an outfall channel, which 
should run along one aide of the filter. A false floor should bo provided 
and may be coustructed of slates or flat tiles supported on rows of bricks 
set 6 inches ajiart, or, better still, of specially made half-pipes or sijuare 
tiles on feet, such .as those of Naylor Brothers, Denby Dale, or Stiff & Co.,. 
Birmingham. It is not absolutely neces.sary to provide a false floor, but 
when this is omitted s|)ecial care must be token to have the bottom layer 
of filbudng material in large pieces, so as to [)crmit of the escape of finely 
divided solids with tlu^ ellhient. Tnsteiul of the false floor a layer of stone, 
arranged in the same way as is usual in making the foundation of a road, 
m.ay be laid on the concrete floor (see b'ig. .fifl). In any case care should be 
taken to arrange matters so as to facilitate the free escape of the effluent, 
with its susjicnded solids, to the outfall channel. When the filter stands 
above ground the w;alls m.ay be of brickwork, of stone and mortar, or of 
dry rubble, slag, or clinker. If put together without mortar they should 
be built vertical on the inside, and with a batter of one in three on the 
outside, as in winter the li(juid in the outer jwrtion of the filter is liable 
to freeze and thrust the wall outwiirds. If the space available is limited, 
and a vertical dry rubble wall is preferred, it can be strengthened 
sufficiently by using vertical wood battens placed Id inches apart on the 
outside of the wall and binding them together with strong wire. There is 
no necessity for the filter to stand above ground; it is rather advisable to 
have it under ground level, as it is then hidden from sight and protected 
to a great extent from frosty winds, but when sunk in the ground it should 
be constructed with the side towards the outlet channel free, so that air 
can easily enter both by the false floor and through the wall on that side. 
If the false fl(X)r is well made there is no necessity to have pervious walls. 
In fact, solid walls arc an advantogc in that they minimise the danger of 
nuisance from flies, which are apt to breed in the crevices of a dry wall. 
The shape of the filter is immaterial and will depend upon the available site. 

The filtering medium used may be of any resisting material, such as 
broken stone, gravel, slag, or clinker-;-such a sullstanoe, in fact, as will not 
readily break down under the alternate wetting and drying to which it is 
subjected. The depth of the filter is also immaterial, but preferably should 
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, Fto. 69.—Percolating Filter. 

filter cannot bo obtained until the medium has become “ripened” by the 
growth of the purifying organisms on it, and in dealing with some kinds 
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of trade refuse it is desirable to incorporate in the top layer of the filter 
some medium from a filter which has been in use at sewage works, or to 
dose the filter for some time with weak sewage, or urine from stables or 
cowsheds, before it is brought into use for dealing with trade refuse. 
Such a prclimiu.ary treatment of the filter is esiiecially to be recommended 
when the trade refuse consists of liquids which have been rendered sterile 
by boiling, such, for instance, as spent gas licpior (sec p. 311), distillery 
refuse, or waste dyewaters. 

The most iini)()rtant point is the proper filling of the filter, and the 
medium must be graded with great care. In a filter 6 feet in depth (see 
Fig. 59), the first layer in the bottom, 011 the false floor, should consist of 
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Fio. 60.—Wooden Tipper. 


hand-pioked pieces 3 to 4 inches in diameter, to the depth of 6 inches; 
above this should come a 3-foot layer consisting of pieces between 3 inches 
and 1.) inch in size; then a 12-inch layer of material which has passed 
through a l^-inch riddle and has been kept back by a ^-inch riddle; 
followed by a 6-inch layer of sizes from | inch to inch ; and finally on 
the surface there should bo a 12-inch layer of fine material composed of 
particles which have passed through J-inch mesh and been retained by a 
mesh of J inch. A filter of 3 feet depth should be constructed like the 
upper 3 feet of the above. The surface layer of fine jnatorial should be 
banked round the sides of the filter to a height of 3 inches or so above the 
general level, and to a width of 6 inches within the external wall, so as to 
prevent any liquid overflowing. 

A tank effluent, if passed on to the surface of such a filter directly and 
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continuouBl;, will sink at once through the material and only reach 
the parts more distant from the inlet after the filter surface kas become 
partially clogged. To obviate this the tank effluent must bo applied in 
flushes, and this object is attained by the use of special apparatus. The 
simplest form of this apparatus is a tipper such as is supplied by Messrs. 
Ham Baker & Co., Ltd., Westminster; Messrs. Tukc & Hell, Ltd., 69 
Leifdenhall Street, London, K.C.; aud Mr W. E. Farrer, Cambridge Street, 
Birmingham ; but fdr a small installation one can be made of creosoted wood 
by any village carpenter (see Fig. GO). The capacity of the tipper should 
be according to the flow of refuse and area of filter. For a filter of 100 
square yards in area, and a flow of 100 gallons an hour, a tij)per of 20 
gallons would ho required, and this would give at each discharge a 



Fig. 61.—Double Tiiqier. 


quantity of J gallon of liquid per square yard of filter. Those tippers are 
sometimes raaile in a double form (see Fig. 61), so that if placed across the 
middle of a filter they discharge first on one side and then on the other, 
and a double tipper, each half of which holds 10 gallons, is preferable to 
one so large as 20 gallons in capacity. It is not advisable to have a single 
tipper of a capacity greater than 20 gallons, or discharging oftener than 
twenty times an hour: that is, dealing with a flow greater than 400 gallons 
an hour: and when the flow is larger than this, it must be divided between 
two or more tippers. As an apparatus like this is liable to be affected by 
frost, the tipper may require to be protected by a wocxlen cover, or, where ■. 
the circumstances arc suitable, may be placed underground in a manhole. 
Other forms of apparatus for discharging the tank effluent in flushes, which 
can be used in suitable cases are supplied by Messrs Adams, Ltd., Ames 
Crosta, Ham Baker <fe Co., Ltd., Mather & Platt, Ltd., or Tukc it Bell, Ltd. 
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The better to ensure the distribution of the liquid over the whole of 
the filter, it is necessary to provide special channels to convey it to all 
parts of the surface, and this can best be done by laying a series of level 
drains of ordinary butt-jointed field pipes in herring-bone fashion upon the 
surface; or, bettor still, glazed pipes of the same shape, for the field pipes 
are very liable to be injured by frost. Into these pipe channels the tank 
effluent is discharged in intermittent flushes, and the liquid is distributed 
over the whole of the filter, a little escaping by every joint in the pipes. 
Each discharge is thus absorbed by the top layer of line material, which 
takes it up like a sponge and gives it out slowly from the under surface 
to percolate gradually thronghont the whole body of the filter, liy the 
provision of valves or plugs on the distributing pipes the. licjuid can be 
kept off any part of the filter which may require to be rested or cleansed. 

A filter such as the above, complete iii every respect, costs appro.vi- 
mately ten shillings ])er cubic yard. 

In the effluent from a filter of this kind, there is at times a considerable 
quantity of humus or fine suspended solids, and these should be removed 
cither by jiassing the effliient through a small settling tank, having a 
capacity equal to two hours’ flow, or through a shallow filter of .S or >1 inches 
of sand lying upon 6 inches of gravel, or, belter still, over a small 
area of grass laud. The liquid as it comes from the percolating filter 
is generally free from offensive matters, and will greatly stimulate the 
growth of grass. 

The surface of the filter will from time to time need to be scraped to 
remove any sludge or grease, and when this is done a little fresh material, 
similar to that forming the surface layer, should be added to keep the 
filter to its original dej)th, and the opportunity should bo taken to adjust 
the drain pipes to the proper level. With slight attention the filter 
should be practically pc’-mauent. 

Beds and CoulaH Beds .—Another biological method of purific-a- 
tion is by means of the slate beds or contact beds of Mr Dibdin, such as 
are very often used for the purification of donuistic sewage. Tlusy are 
seldom to be recommended for the purification of trade refuse, except that 
the slate beds may be found useful in the purification of liquids containing 
large (juantities of animal matter, such as the refuse from glue manu¬ 
facture or tripe boiling, for they are effective in reducing the ott'ensive 
smells that these Ihpiids are liable to evolve. It may here suffice to refer 
to the description of them in Mr Dibdin’s writings. 

Land Treatment. —In place of a straining or biological filter it may 
sometimes be preferable to pass a tank effluent over laud, and whore there 
is a sufficient area of suitable land it is better than any filter. Quite as 
much care as in the case of a filter is, however, necessary to ensure proper 
distribution of the liquid over the surface, and slue attention must be 
given to changing the area under irrigation at short intervals, or the 
surface will become choked and “ sick.” 
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If the area is sufficient and there is a good covering of g' ass on the 
soil it is usually hotter to adopt broad irrigation, but if the area is 
restricted and the soil is not too porous, intermittent downward filtration 
may bo resorted to, dividing the laud into plots of suitable size and 
flooding these in turn. In this case the plots should, from time to 
time, be cleansed of deposited solids and thoroughly tilled. In deciding 
the area of land necessary for the treatment of a licpiid, regard must 
bo paid to the nature of the soil and to the chariicter of the liquid, 
especially to the amount of suspended solids. The Local Government 
Board say that in dealing with sewage the inaxininm quantity of liquid 
which can be (hsilt with on the best soil is 30,000 gallons per acre per day. 

Evaporators and Incinerators.—It has several times been suggested, 
for instance in connection with wool-washing suds and the kier liquors 
from papOT works and bleach works, that it may be iulvantageous to get 
rid of thiwe li(piids by evapor-ation. The simplest method of doing this 
is to boil the li<piid in an open vessel, but, as the utmost that can 
bo expected from this process is the evaporation of some 8 lbs. of 
w'ater per pound of coal used as fuel, it will be found an e.xpensivc pro¬ 
ceeding. It is used at some of the blast furnaces in Lanarkshire for 
oviipor.-iting spent gas liipioi’, hut there enormous quantities of Wfiste gas 
are available. The evapoKition of a similar liepdd in the specially con¬ 
structed gas furnace shown in Kig. 4 is a distinct advance n}>on the fore¬ 
going method. As will he readily imagined, the distribution of the liquid 
in the furnace in the form of a spr.ay considerably aids vaporisation. 

The same ell'ect is aimed at in the Porion evapoj-ator, which is in use 
for spent gas liquor at the Dalmellington Ironworks, Ayrshire, and also 
for the kier liipior from the boiling of esparto grass at the llisbtou Paper 
Mill of Mcssi-s A. M. Peebles it Son, Ltd. A plan and section of this 
evaporator is shown in Fig. (>3. In this figure it will be seen that in 
addition to the evaporating chamber K, there is an incineration chamber 
A, the two being separated by a combustion chamber c. The liipior to 
be evaporated is run into a flat pan over the combustion chamber 
whore it becomes heated nearly to l>oiling point. It is allowed to run 
from this pan in a regular flow into the evaporation chamber K, where 
two paddles, i, are kept constantly revolving, dipping at each revolution 
into the liquid so as to throw it up in a fine spray. Through this spray 
the hot gases from the incinerating chamber A, and the combustion 
chamber c, pass on their way to the chimney J. When the liquid is 
sufficiently concentrated by this evaporation it is run into the incinerating 
chamber A, wbero the flames of the furnace a play upon it and complete 
the evaporation, finally igniting the combu,stiblc matter in the dry residue. 
Owing to the presence of so much moisture in the contents of the 
incinerator A, the conflmstion is by no means complete, and for this 
reason a special combustion ebamber c is introduced, where the combus¬ 
tion process is completed by the aid of burning fuel. 
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TIib uppuratus is very fully described by Mr Davies in a paper read 
before the Scotch Paper Makers’ Association in November 1888, and 
quoted by W. Naylor, F.C.S., in his book on Trades’ Waste. Mr Davies 
says that for dealing with paper makers’ lye at 10* Tw. (1'050 specific 
gravity), a Porion evaporator is by far the best, but suggests that 
liquids weaker than this should first bo concentrated to the above strength 
by other means. Ho states that in the evaporation chamber 11J lbs.'of 
water may bo evaporated per pound of fuel, and in addition 8 lbs. of water 



Fio. 62.—Porion Evaporator. (From Naylor’s TciMics’ Waste.) 


for every pound of dry organic matter burned in the incineration of the 
dried solids obtained from the liquid itself. 

It has been stated that the exposure of a liquid to heat in the form of 
a fine spray considerably lessens the amount of fuel re(]uired to evaporate 
it, and this amount can be reduced still further by boiling the liquid 
at a lower temperature. This is effected by using a vacuum pan, in 
which by means of an exhauster the pressure on the liquid is reduced. 
This form of evaporator is ejuite commonly used in many trades, for 
instance in sugar boiling, and in making extracts of vegetable substances. 
Such pans are made by many firms, as, for instance, Messrs George Scott 
& Son, London, the Mirrlees Watson Co., Ltd., Gli&gow, and the Kestner 
Evaporator and Engineering Co., Ltd., London, 

By an ingeniovjs application of this principle a “multiple effect” 
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oan bo produced by utilising the heat contained in the vapuurs arising 
from one evaporation of the liquid to boil the latter again at a lower 
pressure; and apparatus constructed for this purpose is made by the 
three foregoing firms. 

Scott's multiple effect evaporator consists of a series of vessels (Fig. 63), 
into the first of which the liquid to be evaporated is admitted at the 
bottom and flows upwards through a series of vertical pipes, surrounded 
by a steam jacket, into the evaporation chamber. The liquid is thus 
caused to boil and the vapour passes into the steam jacket of the second 
vessel. The partially concentrated liquor is allowed to flow from the 
first vessel into the bottom of the second vessel, where it is further 
evaporated in the same way but at a lower prcssiire, and this process 
is repeated in the remaining vessels at successively reduced pressures. 
The necossiiry vacuum in the various vessels is maintained by means 
of a pump and surface condenser attached to the evaporation chamber 
of the last vessel. 

It is impossible within the limits of a treatise such as this to give any 
detailed explanation of the method of working a Yaryan evaporator, but 
Fig. 64 will give some idea of the apparatus. The evaporator shown is 
threefold, the same process being repeated three times at successively 
lower temperature and pressure, and each section (sec No. I.) consists of a 
heater T, an evaporating chamber A, an<l a separator D, where the vapour 
is separated from the liquid being concentrated. A condenser and vacuum 
pump, not shown in the illustration, are placed at the end of the series. 

The topmost chamber A is heated by steam frrnii an ordinary boiler, 
and the liquor, previously warmed in the heater T (as will be explained), 
passes through a coil of tubes B within the chamber and surrounded by 
the steam, and is made to boil. The coil of tubes B is continued into the 
separator D, in which the pressure is reduced, and there the steam which 
has been generated separates from the liquor, which is thus to this extent 
concentrated. 

The process in the next section (No. II.) is the same, except that the 
steam used for heating the chamber F is not here obtained from the boiler, 
but is the steam from the liquor separated in the first separator D; the 
liquid in the interior of the coils G is the already partially concentrated 
liquor from the first separator U; and the pressure in the second separator 
J is again lower. 

The concentrated liquid is passed through the third section and treated 
in the same way, the steam from the previous evafioration l)eing used to 
heat it, the pressure in the separator being less than that of the atmo¬ 
sphere, and the vapour from the last separator being condensed by an 
ordinary condenser. ^ 

The liquor which is being evaporated is passed upwards through the 
three heaters and reaches the topmost chamber A at or near boiling point, 
by being in each carried through a series of coils, R, S, T, which are 
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Fig. 63.—Scott’s Multiple Effect Evaporator. 
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boated externally by tbe condensed water from the ehambers A, F, and L. 
This condensed water finally runs to a tank where it is stored for use. 

The passage of the liquor through the apparatus is brought about by 
the action of a vacuum pump, the pressrire in the various separators being 
regulated once for all by the adjustment of certain valves on the connecting 
pipps. 

lly this multipV effect apparatus the concentration of the liquid can 



be continued to .any desired extent, and the evaporated water is condensed 
and can be used for feeding boilers or other purposes. 

The Kestner evaporator, as will be seen from Fig. 66, is somewhat 
simpler in constrviction. Each sectioti consists essentially of a tube about 
20 feet long conteining a number of pipes, upwards through which the 
liquid to be concentrated is passed at a slow rate. The tube is heated by 
steam from a boiler which causes the liquid at the bottom and inside the 
pipes to boil, and the bubbles of vapour rapidly increase, until at a height 
of 3 to 6 feet from thg bottom they form a continuous stream, causing 
the liquid to form a film on the inside of the pipe. The speed of this core 
of vapour is greater than that of the liquid, and this latter is carried up 
in a thin film to the top of the pipe, where there is a contrivance for the 
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Fio. 65.—Kestnor Evaporator. 
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separation of the steam from the liquid. This steam is used,. i.8 in the 
Yaryan appaw,tus, for heating a second tube, and in a “ multiple effect ” 
apparatus the whole process is repeated several times, the necessary reduc¬ 
tion of pressure in the tubes being produced by a condenser and vacuum 



Fuj. 65a —Kestiii*!’ Boiler. 

pump. The Kestnor apparatus is rendered much more eeonomical by the 
adoption of a special boiler (see Kig. 66 a), which is fed by the liquor to be 
evaporated, so that ther^ is no waste of heat in the production of steam in a 
separate water-fed boiler, but all is used for the concentration of the liquor. 

After an evaporation process it is frequently necessary that the 
residue should be burnt, sometimes for the recovery of some valuable bye- 
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product, as, for instance, the potash salts from wool washing (p. 109), or 
the soda from kier liquors in the paper trade (p. 88). This may he 
accomplished either on open hearths, as in the Porion nlant (Fig. 62), 
or in some form of revolving incinerator, such as that made by Ernest 
Scott & do.. Ltd., Loudon, which is shown in Fig. 66. This latter consists 
of an iron cylinder lined with 6ro-hrick, which cati he made to rovolye on 
a central axis slightly inclined to the horizontal. Under this cylinder 
at its lower end a furnace is provided, hy moans of which the interior 
can he raised to a high temperature, the furnace gases hoing conducted 
through the interior of tin' cylinder. 'The m.aterial to he incinerated is 



Fia. 66.—Revolving Inciiieratui'. 


introduced into the upper end of the cylinder in the form of a semi-liquid 
sludge and, aided hy the revolution of the cylinder, falls gradually to the 
lower end, parting with its moisture to the hot gases as it travels. At 
the lower and hotter end of the cylinder all the moisture has been 
evaporated, and the resulting cake or powder catches tire, being thus freed 
from much of its organic matter, and leaving a crude carbonate of potash 
or soda behind. This can ho lixiviated with water and causticised for 
ro-usc as described on p. 88. 

Oonclusion.—In (Selecting apparatus for the purification of waste 
waters two things should he particularly borne in mind. The waste waters 
almost invariably change greatly in chai-acter and volume at very short 
intervals. It is necessary, therefore, to obtain somewhat exact informa¬ 
tion of the average composition by taking samples at frequent intervals 
throughout the whole of the working day and mixing these for analysis in 
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volumes proportioned to the rates of flow. It is also necessary 1;) design 
the plant so that the various dischatges arc mixed as thoroughly as possible 
before treatment. In the second place, the manufacturer almost constantly 
underestimates the volume of his refuse, and it is necessary to estimate 
carefully the maximum discharge to ho expected during any working day, 
hearing in mind that the discharge usually takes place during ten hours of 
the twenty-tour, althojigli in many cases it may bo expected that at times 
the mill will be working overtime or even contimio<isly. Wor-ks must be 
designed to deal with the maximum flow of refuse during the period of 
its discharge. 

The management of purification works is nearly as important as their 
ade<piacy and proper construction. The best of tanks and filters may soon 
become useless if they are not kept clean and in good order. A scheme 
which has been designed to include chemical precipitation is not likely to 
sHOceed when tin! precipitants are not added continuously and in projxsr 
(juantities. The most general ciiusc of failure of proi)erly construott'd 
works is the neglect to remove the sludge at regular intervals, and this 
should always be carefully attended to. As has already been pointed out, 
care should always be taken to have a sufficient number of sludge filters, 
and the tanks and filters should always he so arranged as to make the 
labour of sludging as light as possible. For this reason tanks of the 
Dortmund form, or like those of Waite & Mackey, are generally to be 
preferred, as they can be cleansed of sludge by simply opening a valve. 

Abox'e all, it is not to be expected that any purification works will bo 
successful unless the manufacturer himself takes an intelligent intorcst in 
their construction and management. 
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CHAl’TKH XII. 


DISCHARGE OF TRADE WASTE WATERS TO 
PUBLIC SEWERS. 

Recommendations of earlier Royal Commissions—General law on the subject—Legal 
decisions—Local Acts of Parliament—Third Rcjiort of the Royal Commiasion on 
Sewage l)is|)Osal, 1898—Local Acts based on this Report—I’rocednrc of local 
authorities—Comparison of ordinary domestic sewage and crude trade refuse— 
Regulations and agreements-Preliminary treatment required—Liability of manu¬ 
facturer for pollution —liibliography. 

In the foregoing clnipters it has been proved that for a manufacturer who 
discharges his trade waste water into a stream there arc means available 
for purifying it so that it will have no harmful effect. It has been shown 
that although in some cases ho may find the purification process profit¬ 
able, in the majority it will entail on him no inconsiderable outlay for the 
construction of works and a constant expense for their upkeep. 

There is, however, generally an alternative course which he may follow, 
for if a public sewer is available it may be possible for him to come to 
terras with the Sanitary Authority for the reception and treatment of his 
trade refuse. In the interest of the purity of the streams this is indeed 
the better course to adopt, for it avoids the necessity for separate purifica¬ 
tion works at every mill in a district, with the multiplied chances of 
neglect or mismanagement, and substitutes one set of purification works 
under constant and more or less skilled supervision. It will also be 
obvious that such a course will be more economical. So long ago as 1872, 
indeed, the Rivers Pollution Commission, 1868, in their Fourth Report, 
p. 106, recommended this course, for they say that 
any law having for its object the prevention of river pollution should give 
power to all manufacturers in towns, e.\cept those of gas, paraffin oil, pyroligneous 
acid, and animal charcoal, and workers in metal, to discharge their drainage 
waters into the town sewers under suitable regulations.” 

In the jiast, for various reasons, many manufacturers have been able, 
with or without the knowledge and consent of the Sanitary Authority, to 
oonneot up their mill drains with the public sewers. Very often this has 
resulted from the fact that the mill premises were originally drained into 
a small water-course or sTirface water drain, which was afterwards con¬ 
verted to a common sewer and connected up to sewage disposal works. 
Formerly, when the sewage of towns was generally discharged into streams 
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without any attempt being made to purify it, it was a matter of little 
moment to a Sanitary Authority whether or not they received trade refuse 
into the sewers, and many existing connections date from this period. 
Sometimes a Sanitary Aiithority have allowed a manufacturer to connect 
up his drains because they find him a profitable customer for their water 
supply or a largo ratepayer, and in other cases the same policy has been 
followed, because the manufacturers are the most influential men m the 
district. As a result, about half of the manufacturers in the country 
have obtaitied this privilege, and in cflcct .arc relieved of the responsibility 
of purifying their refuse. The other half, who discharge their refuse to 
stream.s, are not only responsible for its effective ])urification, but often 
have to contribute through the rates towards the purification of the refuse 
of their more lucky neighbours, who may be comi)ctitors in the same trade. 

The general ratcjiaycr views the matter from a different standpoint. 
The admission of trade refuse to the sewers of a town almost always 
renders the sewage more difficult to purify (see p. .'!09), may bring about 
serious injury to the sewers by the action of the trade refuse, and at least 
involves the construction of larger sewage works to deal with the larger 
volume. The ordinary householder naturally objects to this increased 
burden on the rates, due to what he considers shoidd legitimately be a 
charge upon the trader; while the trader in another line of busim'ss, who 
has no licpiid refuse to get rid of, objects perhaps more strongly, inasmuch 
as he himself nearly always has to pay for the removal and disposal of any 
solid refuse he may produce. 

The present coiglitiou of alTairs has thus given rise to great dissatis¬ 
faction, and the whole matter was in 1898 referred to the Royal Commis¬ 
sion on Sewage Disposal, who in their Third Report, issued in 1903, made 
most important recommendations, which will be dealt with later. Until 
the 1’resident of the Local (iovernment Board sees fit to introduce fresh 
legislation based on these recommendations, the matter is governed by the 
existing law, which is contained in the following Acts of Parliament 

THE PUBLIC HEALTH ACT, IS?.-). 

Section 15.—Every Local Authority . . . shall cause to be made such 
sewers as may he necessary for effectually draining their district for the 
purposes of this Act. 

Section 21.—The owner or occupier of .any promises within the district of 
the local authority shall be entitled to cause his drains to empty into the 
sewers of that authority. . . . 

THE RIVERS POLLUTION PREVENTION ACT, 1870. 

Section 7.—Every sanitary or other local authority having sewers under 
their control shall give facilities for enabling inanniacturers within their 
district to carry the liipiids proceeding from their factories or manufacturing 
processes into such sewers; 

Provided that this section shall not extend to compel any sanitary or 
other local authority to admit into their sewers any liquid which would 
prejudicially affect such sewers or the disjiosal by sale, application to land, or 
otherwise, of the sewage matter conveyed along such sewers, or which would 
from its temjierature or otherwise he injurious in a sanitary point of view: 

Provided also, that no sanitary authority shall be required to give such 
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facilities as aforestud where the sewers of such authority are only sufficient 
for the requirements of their district, nor where such facilities would interfere 
with any order of any court of competent jurisdiction respecting the sewage 
of such authority. 

THE PUBLIC HEALTH ACTS (AMENDMENT) ACT, 1890. 

(This Act must he adopted by a Sanitary Authority before it becomes 
operative urithm their District.) 

^ Skotion 1C.—(1) It shall not be lawful for any person to throw, or suffer 
to be thrown, or to pass into any sewer of a local authority or any drain com¬ 
municating tberewftli, any matter or subslance by which the free flow of the 
sewage or surface or storm water may be interfered with, or by which any 
such sewer or drain may be injured. . . . 

Suction IT.— (1) Every person who turns or permits to enter into any 
sewer of a local authority or any drain communicating therewith— 

(«) Any chemical refuse, or 

(t) Any waste steam, condensing water, heated water, or other liipud (such 
water or other liipud being of a higher temperature than 110 degrees 
Fahrenheit), 

which, either alone or in combination with the sewage, causes a nuisance or is 
dangerous or injurious to health, shall be liable to a penalty not exceeding 
ten pounds, and to a daily penalty not exceeding live pounds. 

Although the law as expressed in those Acts is at first sight sufficiently 
clear, legal difficulties have arisen on many points, and have had to he 
decided by expensive litigation. For example, it has now been settled 
that under Section 15 of the Act of 1875 as a[)pliod to England, a Local 
Authority are not obliged to make sewers larger than is necessary to take 
the domestic sewage of their District. In the case of 1‘eeldes v. Osmtld- 
twisfle Urhan DistriH Cunncil (1898, A.C. 387), it was decided by the 
House of Lords that where the sewers of a District are alleged to be in¬ 
sufficient, the proper remedy is by complaint to the. Local tlovernment 
Board under Section 299 of the Public Health Act, 1875, and when Messrs 
Mallalieu made a complaint under this section that the Saddleworth 
Urban District Council had made default in that they had not provided 
sewers sufficient to take their trade refuse, the Eugfisli Loc<d Government 
Board held, after inquiry (21st .lime 1898), that the Sanitary Authority 
had not made default, implying that they did not consider it the duty of 
the Authority to make their sewers large enough to take the trade refuse 
of their District. This, as will afterwards be shown, is not the view of the 
Local Government Board for Scotland. 

Again, in the case of limol: (Lwiited) v. MeWutm Urhan District 
Coumril (1908, 2 K.B. 780), it was held by the Court of Appeal that 
Section 21 of the Public Health Act, 1875, does not give a manufacturer 
a right to discharge his manufacturing effluent into the sewers of the Local 
Authority; and this is confirmed by Lord Macnaghten’s judgment in the 
case of the West Ridiny of Yorkshire Rivers Board v. Buttenvorth and Roberts 
(1909, A.C., at p. 54). 

Section 7 of the Rivers Pollution Prevention Act, 1876, seems at first 
sight to bo sufficiently deal’ and definite, but, while the first part of the 
Section insists uiiou the duty of the Sanitary Authority to take the liquid 
trade refuse into the public sewers, the provisoes added there and the two 
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Sections of the Public Health Acts (Amendment) Act, 1890, give ample 
scope for legal disputation. 

There are perhaps few kinds of trade refuse which, if mixed in a crude 
state with ordinary domestic sewage, would not affect prejudicially the 
disposal of sewage, and there are many kinds of trade refuse which could 
be shown to affect the sewers prejudicially, or to be injurious from a 
sanitary {>oint of view. Moreover, a Sanitary Authority can often easily 
show that their sewers are only sufficient for the reception of the domestic 
sewage of their District, or that tlioir sewage works are not large enough to 
deal with trade refuse, and it has been held in the ease of Brook (Limited) v. 
Meltham Urban Disfriii Couneil (1909, A.C. 438) that the word “ sowers ” in 
the proviso covers the whole sewerage system, including purification works. 

In a Diiitrict in which a new sewage scheme is being carried out, it is 
easy for the Sanitary Authority to make their works only large enough to 
deal with domestic sewage. It is indeed the view of the English Local 
(lovernmeut Board that such works need not he largo enough to take trade 
refuse. On the other hand, the Local (iovej'imumt Board for Scotland 
(Murray, Royal Commi.ssion on Sewage Disposal, 1898, First Report, 
vol. ii. p. 16, Q. 191), advised by their law officers, have come to the con¬ 
clusion that a Sanitiiry Authority in making now sewers must provide 
them largo enough for all the sewage of their District, including trade 
refuse as well jus domestic sewage; but the Scotch law on the matter is 
somewhat different, being governed by the Public Health (Scotland) Act, 
1897, afterwards ([noted. Many Sanitary Authorities have made their 
sewers big enough for both kinds of li([uids, while their sewage disposal 
works are only sufficient for dealing with domestie sewage, so that if it is 
decided in the future that tluiy must deal with trade refuse, the sowers will 
not re([uire to be relaid, and an extension of the sewage works will meet 
their increased needs. • 

Before the above-mentioned cases were decided, several Sanitary 
Authorities obtained speoial Acts dealing with the matter. Those are:— 

GLASGOW POLICE ACT, 18G6. 

WOLVERHAMPTON IMPROVEMENT ACT, 186!). 

HUDDERSFIELD IMPROVEMENT ACT, 1871. 

NOTTINGHAM AND LEEN DISTRICT SEWERAGE ACT, 1872. 

NOTTINGHAM IMPROVEMENT ACT, 1874. 

DEWSBURY IMPROVEMENT ACT, 1884. 

BURY IMPROVEMENT ACT, 1886. 

HASTINGS IMPROVEMENT ACT, 1885. 

WALSALL CORPORATION ACT, 1890. 

WOLVERHAMPTON CORPORATION ACT, 1891. 

THE WEST RIDING OF VORKSHIRE RIVERS ACT, 1894. 

BILSTON IMPROVEMENT ACT, 1890. 

BRADFORD TRAMWAYS AND IMPROVEMENT ACT, 1897. 

KEIGHLEY CORPORATION WATERWORKS ACT, 1898. 

GLASGOW CORPORATION (SEWAGE, etc.) ACT, 1898. 

MANCHESTER CORPORATION (GENERAL POWERS) ACT, 1802. 
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The Alkali Works Hegulation Act, 1906, following the Act of 1881, 
wh'oh has been repealed, has a Section bearing on this question, and two 
Scotch Acts alsq deal with it. 

ALKALI WORKS REGULATION ACT, 1906. 

Section 3.—(1) Every work of whatever description in which any liquid 
containing either acid or any other sub.4ance cap.ahle of liberating snl])huretted 
liydrogen from alkali Wiiate or drainage therefrom is produced or used shall 
be carried on in si*ch uumner that the licpiid shall not come in contact with 
alkali waste, or with drainage therefrom, .so as to cause a nuisance. 

(2) The owner of any work which i.s carried on in contriiveution of this 
.section shall he li.able to a fine not e.vceedingin the ca.se of the first offence 
fifty pounds, and in the case of every suRsequent offence one hundred 
ponnd.s, with a further sum not exceeding five pounds for every day during 
which any snc.h subseipicnt otfence has continued. 

(3) On the request of the owner of any such work as is mentioned in this 
.section the sanitary authority of the district in which such work is .situate 
shall, at the expense of such owner, proviile and maintain a drain or channel 
for carrying off such liquid as .afores.ai<l produced in such work into the .sea or 
into any river or watercourse into which the liipiid can be carried without 
contravention of the Rivers Pollution Prevention Act, 1870, as ainciided 
by any auhse(|U<'nt enactment; and the sanitary authority shall for the 
]>urpose of providing any such drain or channel have the like powers as 
they have for providing sewers, whether within or without their district, 
under the Public, Health Act. 

(4) Compensation shall he made to any person for any damage sustained by 
him by reason of the exercise by a sanitary authority of the powers conferred 
by this section, and such conqiensation .shall he deemed jiart of the expenses 
to he paid by the owner making the request to the sanitary authority under 
this section. 

Section 4.—(1) Alkali waste shall not be deposited or discharged without 
the liest practicable means being used for elfectually preventing any nuisance 
arising therefrom. ^ 

(2) Any iierson who cau.se.s or knowingly permits any alkali waste to be 
ile]io.sitcd or discharged in contravention of this section shall be liable, to a 
line not exceeding in the case of the first otfenee twenty iioiinds, .and in the case 
of every subsequent offence fifty pounds, with a further suni not exceeding five 
pounds for every day during which any such siilxseqiieiit olfeiice ha.s continued. 

Section .b.—Where alkali waste has been de]ios*ted or discharged, either 
before or after the coninieiiccment of this Act, and complaint is inade to the 
chief ina])eclor that a nuisance is occasioned thereby, the ehief inspector, if 
satisfied of the existence of the nuisance, and tliat it is within the power of 
the owner or occupier of the land to aliate it, shall serve a notice on such 
owner or occupier requiring him to abate the iiuisanee ; and if such owner 
or occupier fails to use the best practic,able and re.isonably available means 
for the abatement thereof, be shall be liable to a fine not exceeding twenty 
pounds, and, if be does not proceed to itse siicli means witliin such time as 
may be limited by the court infiictiug such fine, be shall be liable to a further 
penalty not exceeding five jwiinds for every day after the expiration of the 
time so limited during whicli such failure continues. 

THE BURGH POLICE (SCOTLAND) ACT, 1892. 

Section 233.—Any owner or occupier of distilleries, manufactories, or 
other works, xvho causes or permits any' i*efuse, refuse water, steam, or other 
substances fitted to interrupt the free passage of a sewer, or to be otherwise 
injurious thereto, or to be injurious to the health of persons living in the 
vicinity, to enter a public sewer, river, or inland loch, or public reservoir, or 
dock, from any such works, shall he guilty of au offence, and shall, on convic¬ 
tion before the Sheriff^e liable to a penalty of five pounds for every day or 
part of a day during which such offence continues, besides being liable for all 
damages, and for all expenses for taking ont of the sewer any refuse or sub¬ 
stance that may have entered it from his works. 
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Such owners or occupiers shall construct pools or reservoirs as near their 
works as possible for receiving and depositing such refuse and other substances. 

If it shall be impracticable, in the judgment of the Commissioners, to 
render such refuse or other substances inoffensive or innocuous, or to preveiitt 
the same from interrupting the free mssage of the sewer, or otherwise injuring 
the same, it shall be lawful for the Uomrnissioners to j»rohibit and interdict 
sucli owner or occupier from j>ermitliug the same to run into such sewer 
from his works aforesaid; and while suem ]>rohibition and interdict are in 
force, or if, and so long as the owner or occiipiei' of such works makes no use 
of the sowers, in consocpience of having, before this Act came into ojieration, 
made sci>arate aiTangeiuents for the dminage of the works, such owner or 
0 (icupier shall be entitled to be exempted from the sewer rates to the extent 
of seventy-five per centum thereof, applicable to tlie wliole building or such 
part or parts thereof as by such ])roliibition or j)reviou8 separate arrange¬ 
ment are deprived directly or indirectly of any benefit from tbe sewer ; 
provided that the sewer rates payable in respect of tbe other i)!irt8 of such 
distilleries, manufactories, and other works, and all waveliouHes, offices, and 
other buildings connecled thercwitli, shall still remain jiayable ; and if the 
prohibition and interdict be at any time, by the Commissioners, withdrawn, 
or tlie owner or occupier having previous se]iarute arrangements shall begin 
to use the sewers, then the exemption shall cease so soon as the owner or 
occupier avails himself, to any extent, of the withdrawal of the prohibition 
by permitting the .sul)stances jiroliihited to ]»ass into the sewers, and if the 
owner or occujiier is dibsjitisficd with the dec-ision of the Commissioners as to 
the jiracticability aforesaid, or as to the jiart of the works for which such 
exemption ought to be made, it shall be. lawful for sucli owner or occupier to 
appeal to the Slierilf in manner after jirovided. 

THE PUIlhlC HEALTH (SCOTLAND) ACT, 1897. 

Section 110.—Any owner or occupier of premises within the district of a 
lo('.al authority liable for the public health general as.ses.sment or niecial 
se.wer assessment shall be entitled to cause liis drains to empty into tbe 
sewers of such local aullionty on condition of his giving twenty days’ jirevions 
notice, of his inleiition so to do to the local aullionty, and of comj)l\ing with 
tlicir regulations in respect of the mode in which the communications between 
such drains and sewers are to be made, and subjext to the control of any 
person who may be appointed by the local authority to sujicrintend the 
making of such communications. Provided always that the sewage so 
emptied or discharge^’, into the sewers is not of a nature to cause damage to 
tlie structure of the sewer or, hy admixture with other sewage therein, to 
cau.se a nuisance. 

Section 116.—The owners or occupiers of distilleries, manufactories, and 
other works shall be compelled, where j«03siblc, to dig, make, and construct 
jiools or reservoirs within their own ground, or as near their works as 
possible, for receiving and de])ositing the refuse of such w'orks so far as 
ollensive or injurious or dangerous to the health of those living in the 
vicinity thereof, or to use the best practicable means for rendering the same 
inoffensive or innoxious before discharging it into any river, stream, ditch, 
•sewer, or other channel. 

Section 117.—(I) It shall not be lawful for any person to throw or 
suffer to be thrown or to jiass into any sewer of a local authority, or any 
drain communicating therewith, any matter or substance by whicli the free 
flow of the sewage or surface or storm water may be interfered with, or by 
which any such sewer or drain may be injured. 

(2) Every jjerson offending against this enactment shall be liable to a 
penalty not exceeding ten pounds, and to a daily penalty not exceeding 
twenty shillings. 

Section 120.—If a house, distillery, manufactory, or other work, within 
the district of a local authority, is without a drain, or without such drain as 
is sufficient for effectual drainj^e, the local authority may, by notice, require 
the owner of such house, distillery, manufactory, or work, within a reason¬ 
able time therein specified, to make a sufficient drain emptying into any 
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sewer which the local authority arc entitled to use, and with which the owner 
is entitled to make a conimunicatiou, so that such sewer be not more than one 
hundred yards from the site of the said premises of such owner ; but if no 
such means gf draiiiaftc are within that distance, then emptying into such 
covered cesspool or other place, not being under any Iionse, as the local 
authority may liirect; and if the person on whom such notice is served 
fails to comply with the same, the local authority may, at the expiration of 
the time a])ecified in the notice, do the work reipiired, and the expenses 
incurred by them in so doing may be recovered from such owner in a summary 
manner. • 

Provided that where in the opinion of the local authority greater expenses 
would be incurred in causing the drains of two or more houses to empty into 
an existing sewer pursuant to lhi.s section than in constructing a new sewer 
and causing such drains to empty therein, the local authority may construct 
such sewer and require the owners of .such houses to cause their drains to 
empty therein, and may ajiportiou as they deem just the exjienses of construc¬ 
tion of such sewer among the owners of the several houses, and recover in a 
summary manner the .sums aiiportioued from such owners, or in case of 
dis|)ul,e the. matter shall be determined summarily by the sherilf. 

There arc few additional points in these Acts. The Glasgow Act of 
1806 gives the (hrporatioti [lower to compel the (iotistriiction of special 
trade sewers iti certain cases. The Widverliainpton, Huddersfield, Nottiiig- 
hain, Uilston, Bradford, aiul Keighley Acts safogu.ard the manufacturer who 
may be turning objectionable refuse into tbe .sowers, provided that be has 
used the best jiracticablc means for jircviously removing the objectionable 
matters. The Bradford Act provides for the compensation of certain 
manufacturers before the Act can be enforced against them, and, like the 
Bury Act, defines that dyers are to provide settling pools for their waste 
waters before discharging these into a [lublic sower. •The Glasgow Act of 
1898 [iridiibits the discharge into the sewers of any Ihjuid which would bo 
injurious to the construction or efficiency of the sewers or sewage works. 
Tlio Alkali Act of 1906 allows a Sanitary Authority to construct a private 
drain for certain kinds of trade refuse in the same manner and under the 
same powers as a public sewer ; and the Burgh Police (Scotland) Act, 1892, 
like the Bradford Act, defines to some extent the purification works to be 
constructed by the mauufacturers or the owners of manufactories, and in 
addition provides for the reduction of tho sewer rate payable by any 
manufacturer who has provided sejiarate arrangements for the drainage of 
his works. The West Hiding of Yorkshire Hivers Act, 1894, only repeats 
tho provisions of Section 7 of tho general Act of 1876. In the Manchester 
Act, 1902, nothing is said with regard to trade refuse interfering with the 
treatment of the sewage, but the Corporation are given the power to pro¬ 
hibit the discharge into the sewer of matters vihich maybe injurious to 
the sewers, or may cause a nuisance or involve danger to the health of 
persons entering the sowers or others. If any person disputes the reason¬ 
ableness of any such prohibition he may appeal to a referee appointed by 
the Stipendiary Magistrate. The Act also gives tho Corjioration power to 
construct an inspection chamber on the drain within any manufacturing 
premises connected with the sewers. 
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The Health (Scotland) Act, 1897, deservcB special notice. It 

apjiarontly tjikes as undoubted the duty of a Sanitary Authority to receive 
all Luamifacturing refuse in their District into the sewers and the right- 
of a manufacturer thus to discharge his refuse, provided that it will not 
damage the sewers or cause a nuisance, and enacds by Section IIG that 
the owiKTH or occupiers of mamifacdorics are to be compelled to pr^)vide 
settling tanks for the removal of ollciisive and injurious substances from 
their refuse before discharging it from tlu;ir premises. It must also bo 
not(‘d that notiiing is said in this S(M*tion of the eflect of the trade refuse 
on the treatment of tin* combined Hewag(‘, it may bo because this side of 
the question is already dealt with sufficiently in tlie general Rivers 
Pollution Ib'cvention Act, 1870. 

The Third Report of the Royal (Commission, 1898, issued in 1903, 
marks a distimd stage in the development of the (piestion. The Com¬ 
missioners state: 


Par. AVc are tliercfore of opinion that the l.uv should lie alioivd so as to 
make il. l-h<* <lnty of the Local Authority to ju-ovide ^.iicli sewci’s as are necessary to 
carry Iratlc cllliionls as well as <lotne<.jc bcwngc, ami that the manufacturer 
shoul<l he given tlu* right, subject to the ohservance of certain safeguards, to 
discharge trade, etlluents into the sewers of the bocal Authorit.^ if lie wislie^ to 
do so. . . . In each district it would prohahly ))e, desirahle. that the Local 
Authority slumld frame regulations wliicli should he subject- to e-onlirmation by 
a Central Authority. . . . 

(ii.’l) Although the duty of receiving trade ellhients should, we tliiiik, be 
imposed on the Local Authority, case" may arise in wliich tliey should he wliolly 

or partially relieved of it.And il is possible that in some ca^es a.s, for 

exanqde, of a large uianufaitovy being newly estaldished in a small District, 
it might he iiecessaiy to relieve the Anihonty of tlie oldigatioii to treat the 
trade efiluenl. or to enable them to exact some sjjecial contribution from the 
niaiiufacturei’ not only for the cost of treatment hut also tow'aixls capital 
expenditure. 

(24) It is obvious, theijefore, that some tribunal will he required for settling 
difference', between the Local Authority and the manufacturer, and for 
relieving the Local Authority in e.xceptiorial cases either wholly or partially of 
their oliligation to jirovide sewers and tiispo.sal works of snfrnaeiit capacity for 
traxle efllueiits as well as (mlinary sewage . . . 

(25) In many cases a ]>aii or the wliole of the w'ater which the manufae-turer 
uses in liis business is obtained from a stream and must therefoix* he returned to 
th(^ stream. We do not jirojjose that the manufacturer should by statute he 
relieved of this liability. If he is able to relieve himself from the oldigalioii by 
obtaining the necessary consents from other riparian owners or by providing 
comjieiisation water, then lie might dLc,barge liis cHluent into the sewer, hut the 
resjmiisihility must rest entirely on the manufacturer: the Local Authority 
should lie expressly exempted from any liability for the infringement of riparian 
rights by the discharge into the sew’cr of water obtained from a stream. 

(29) Having regard to these considerations, wc are of opinion that generally 
no special charge should lie made on tlie iiiaiiufaoturer in those cases in which 
the regulations as to preliminary treatment are complied with. As we have 
already stated, it is desirahle that wherever practicable, some preliiiiiiiary treat¬ 
ment should he carried out by the manufacturer. But where the manufacturer 
is unable to comply with these regulations we consider that the Local Authority 
should be empowered to make a special charge. Fow'er should also Ik*, granted 
to make a special charge, even when preliminary treatment is adopted, where 
there are exceptional circumstances as regards volume, quality, or otherwise. 

(30) We should leave the actual amount of the charges to be hxed by agree- 
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meat between the manufacturer and the Local Authority. In lefaiilt of 
agreement the amount should be settled by a suiwrior autluu*ity. . . . 

(34) . . , We consider that all manufacturers should be placed on the same 
Jooting, and thatjtlie proposjils which we have made as to preliminary treatment 
by the manufacturer and as U) a special charge being made upon him by the 
Local Authority iii certain cases, should apply e<iua]ly to the manufacturer whose 
trade eltiucnt already passes into the sewer and to the uiaiiufactiirer who is only 
pronosing to obtain a comu'ction. 

^ 8 ) It may also sometimes he necessary for the Local Authority to construct 
a sewer for the rec-epti^lu of trade refuse alone, and, in certain circumstances, it 
may be desirable that the Lowil Authority should ))rovide a se])arate system of 
trade sowers, aud also works f(>r the ])artial treatment of trade efllueiits before 
they are mixed witli the ordinary sewage for final jiurilication. If powers to 
construct such works are not already possessed by Local Authorities, they should 
be conferred upon them. 

(39) . . . We think it desirable that power to undertake the dis 2 '>osal of 
sludge at the ex])en.sc of the manufacturer should be cojiferred on the Lociil 
Authority. We do not think, however, that the manufacturer should be ein- 
])Owered to c()m])cl such removal. If comjmlsion is necessary, this should he 
exercised by a Mijtenor authority in the manner hereinafter exiilained. 

(44) . . . Wc unhesitatingly recommend the creation of such an Authority 
. . . for the determination of dillerences between the Local Authority and the 
manufacturer. . . . 

(50) in our opinion it is desirable that such ditlerouces should be selllod by 
the Rivers Boards whenever this can l^e done, aud, liaving regard to the 
valuable exj)erienc.e vs'hicli these bodies have ac,cumulate<l, to the fact that they 
represent large areas aud possess capable otticers, aud to the confidence which 
they command, wc think the following cases might very jiroperly he referred to 
them ill the iir.'.t instance, power being given to either party to ajipcal to the 
Ce.ntral Authority 

1. Dillerences between the manufacturer and the Local Authority as to 

xariation of the general regulations respecting preliminary treatment 
to meet jiarticular cases. 

2 . Dilfereiiccs as to tlie amount of the special cljarge to be iinjiosed on 

the ])art-ii:iihir manufacturer. 

3. Disjnites as ti) whether the ju'climiiiary treatment adopted by the 

Jiarticular manufacturer comjilies with the regulations. 

1. Dillerences as to the removal of sludge. 

(.57) We think, however, at any rate for the presei\^., tliat the following cases 
should he dealt with by the tVntral Authority alone ^ 

(«) Refusal of a Local Authority to allow a particular trade efiiuentlo 
enter tlieir sewers. 

(b) Refusal of a Lociil Authority to construct or enlarge sewer.s for the 
purpose of a Jiarticular manufactory. ... 

(61) . . . We do not, however, consider that the Central Authority shouhl 
take the jilace of local bodies in regard to the jirotection of rivers and other 
sources of water sujijdy. On the contrary, we think local jKiwer should be 
utilised to the fullest extent jiossible. ... 

(62) In our opinion such power can only he fully utilised by the formation 
of Rivers Boards throughout the country, and we tlierefore recommend that such 
Boards should he formed. 

(70) The Central Authority should exercise a general sujierintendence over 
the whole country in regard to tlie prevention of jxillutiou of water. They 
should direct any inquiries or investigations which they may consider desirable, 
and generally they should stimulate and encourage Rivers Boards to au active 
exercise of tlieir powers. 

Although no general Act of Parliament dealing with the subject has 
been passed since these recommendations were issued, there have been 
three local Acts based on them which have been passed by agreement 
between the Local Authorities and the manufacturers, and these put all 
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the manufacturers upon the same footing, whether their premises previously 
drained to the sewers or no. These are:— 

HALIFAX CORPORATION ACT, 1905, Paht II. , 

IIECKMONDWIKE IMPROVEMENT ACT, 190.5, Part VIII. 

HUDDERSFIELD CORPORATION ACT, 1906, Part II. 

The three Acts are very similar iii their provisions, and it piay 
suffice to describe these in the latest, the Huddersfield Act. A trader is 
given the right, with certain exceptions, to discharge his trade refuse into 
the sewer; on the otluw hand, regulations are to be made providing for 
the exclusion of clean water, the removal of solids and grease, and the 
regulation of the fiow of refuse, so as to ensure a uniform rate of discharge 
into the sewers during each working day. The regulations are to provide 
for payment by the trader where he is unahle to remove the solids and 
grease, or to regulate the flow, or in other exceptional cases, and these 
regulations are to be settled by agreement between the Corporation and 
ret)resentativcs of the traders. If any dispute arises it may he referred 
to the IjOcid (loverninent Hoard or to arbitration under the Arbitration 
Act, Ikb!). The Corporation are given the same powers .and duties with 
regard to the removal and disposal of trade refuse as they have with 
regard to sewage uudei' the Public Health Act, 187.5. Tlu-y may also, at 
the cost of any trader, remove and dis])Osc of any sludge {)roduced in the 
treatment of trade refuse upon trade premises. 

Apart from all special Acts of Parliame.nt, local or general, dealing 
with the matter, the common law of riparian rights has a great bearing 
on it. A riparia)) o>'ner has llic right to all the water flowing, or which 
would flow, naturalh', down a stream, and it may therefore be impossible 
for a manufacturer who uses water drawn from a stre.am to turn it, when 
polluted, into the public sower, and thus to let it be conveyed aWay from 
the pnmiises of an owner of ])roperty lower down. Very frequently, how¬ 
ever, in such cases the manufacturer has other sources of water sujqjly, say 
from a well or the town’s mains, and can return to tin! stream a quantity 
of water from his less polluting processes equal to that drawn from the 
stream, while the more polluting p.art of his trade refuse is turned into 
the public sewer ; or it may even pay a manufacturer to sink a well or get 
his water from the public supply so as to bo able to divert his lifjuid refuse 
from a stream, rather than to construct the special purification works 
necessary to enable him to continue discharging into the stream. 

In one way or another most Sanitary Authorities who have! control of 
Districts in which there are important manufacturing interests to consider 
have admitted trade refuse into the public sewers, and, having done so, it 
seems doubtful if they have power to revoke their decision and to cut off 
any manufacturer who has been permitted to connect up his drains to the 
sewers. What power they may have under the provisoes of Section 7 of 
the Act of 1876 is very difficult to enforce, and may apparently be set at 
naught by a manufacturer who adopts meas\ires to remove from his trade 
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refuse anything that would interfere with the treatment of the sewage 

with which his refuse is mixed [see Eastwood Brothers (Limited) v. Honley 
Urhan District Council (1900, 1 Ch. 781, and 1901, 1 Ch., 645); also 
Attorney General anti Seventtah Rural District Comeil v. Whitnuyre, “ The 
Times,” 25th July 1900; and Honlhtdl Norwood Urhan District Council 
V. Middlesex County Council (1901, 83 L.T. (N.S.) 742)]. 

*When a Sanitary Authority are requested by a manufacturer to deal 
with his trade refuse they have to consider upon what conditions they 
will permit him to coimect his drains to the sewers, for, as has been stated, 
this connection is certain to involve an increased coat for sewage disposal, 
and some kinds of refuse are likely to cause injury to the sewers. Cases 
are on record, for instance, wliere the discharge of sulphate of lime has 
blocked the sewers, acid refuse has destroyed them by corrosion, and carbon 
bisulphide or petrol has given rise to explosions. The .Sanitary Authority 
should therefore have power to make regulations governing the admission 
of refuse, and these in the case of new connections can generally be 
arranged by formal agreements. 

In most eases a preliminary partial purification of the trade refuse is 
now demanded, oi', failing this, a payment by the trader towards the 
increased cost of sewage treatment due to the presence of his trade refuse. 
This is only reasonable in view of the greatly increased cost of dealing 
with a sewage (iontaiuing any largo projxirtion of crude trade refuse, and 
the various troubles and difficulties which the refuse may cause in the 
sewei's aud at the sewage works. For example, waste dyewaters often 
contaiti large amounts of suspended solids and are qtten strongly acid in 
reaction, the solids iucre.asing the sludge difficulty which is always present 
at sewage works, and the acidity requiring the iiddition of enormous 
quantities of lime for its neutralisation; tannery and brewery refuse are 
strongly ebarged with suspended solids, and, mofeover, contain in solution 
elements which interfere seriously with the process of sewage purification; 
the suds from wool washing, piece scouring, and silk boiling in their crude 
state render a sewage much more difficult and expensive to purify because 
they conbiiii large amounts of fatty matter, which coagulates in settling 
tanka and produces a thin .and watery sludge, chokes up filters, and coats 
irrigation areas with au almost waterproof covering; liquids such as waste 
pickle from wire works and spent gas liquor may interfere disastrously 
with the living organisms upon which sewage purification in all cases finally 
depends. 

A comparison of the composition of ordinary domestic sewage with 
some of the forms of crude trade refuse shows at once the more polluting 
character of the latter, and the object of any preliminary treatment de¬ 
manded may be taken to bo the purification of the trade refuse only so far 
as to make it no stron^r in polluting character than ordinary sewage, and 
to free it from everything which would unduly interfere with the effective 
purification of the combined sewage (see Tables LXJflV. and LXXV.). 



Table LXXIV. 

CRUDE TRADE REFUSE,—AVERAGES OF SEVERAL ANALYSES. 

{Results e.rpresstd In parts per ino,OfiO.) 
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The preliminary treatment of trade refuse is secured 1 y various 
Sanitary Aiichorities in different ways. Bingley, Bradford, and Manchester 
^ call upon the manufacturer to sign an agreement. Many Antiiorities, as, 
for instance, firighouse, Keighley, Leeds, Liversedge, and Manchester, 



have drawn up certain conditions which must he fulfilled hy the manu¬ 
facturer. Sometimes the Surveyors prepare a typical set of plans for the 
information of the manufacturers, which need not be followed closely, but 
which can be adapted to the circumstances of any iudividvial case; this 
course has been adopted sil Brighouse, Elland, and Ossett. Some Aiithorities 
require the manufacturer to prepare plans of purification works and to 
submit them for their approval: this, for example, is the course taken in 


Fio. 67.—Works for the preliminary treatment of Refuse from a Woollen Mill. 
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Fig. 68. —Works for the preliminary treatment of Refuse from a Woollen Mill. 
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Bristol, Leeds, Leicester, and Pndsey. In a few cases the 1 uthorities, ■ 

doubtful of committing themselves by approving of the plans of any 
purification works, simply inform the manufacturer that he may connect 
his drain to the public sewer, but that he must remove from his trade 
refuse anything which will intiirfore with the treatment of the sewage: 
this is the course which has been adopted in the past at Morley and 
Wakefield. At Sa^ord and Hyde the Oorjwration undertake to remove 
and dispo.se of any sludge collected in preliminary treatment works free of 
any charge to the manufacturer. And finally, in more than one instance 
the Authority has m.ade an agreement with the m.auufacturors in the 
district to allow trade refuse to be discharged into the sewers on condition 
that the manufacturers will subscribe towards the increased cost of the 
sewage works necessary, or the increased working expenses of sewage 
treatment, or both; this, for example, is the bargain entered into at 
Tadcaster, Mossley, and New Mill. 

Figs. 67 and 6,S show plans and sections of works which have been 
provided at two mills for the ])rcliminary treatment of trade refuse. At 
these mills the trade refuse is from wool washing, piece scouring, and 
dyeing, and the total volume of li(pud refuse is some 1.6,000 gallons per 
day in each case. 

For the conditions imiwscd upon the manufacturers the regulations 
made by the Corporation of Manchester may be taken as an example. 

MANHIIESTEU CORPORATION. 

MeyaliUiiim Jiir Admission of Tmde Refuse into Hewers. 

1. All liquid trade refuse from the manufactory .shall he ]m».sed into and 
through .suitable .settling tanks to be approved by the Corporation, the same 
to be constructed and at all times maintained by and at the cost of the Owner 
to the satisfaction of the Corporation. 

2. By means of the settling tank.s and by sijch other means as shall be 
from time to time approved by the Oorpor.ation the resulting efiluent shall be 
made:— 

(k) free, from solids in suspension beyond 1.6 grains to the gallon ; 

(h) free from any sidistance, matter, or thing which shall or may (either 
alone or in combination with other matter or liipiid, or with the 
ordinary sewage) 

(i.) he injurious U) the struchire or materials of the sewers or 
works of the Corporation 

(ii.) he injurious to the sewers or the sewitge therein, 

(iii.) cause or create a nuisance cither within or without the sewers, 
and 

(iv.) be dangerous or injurious to health either within or without 
the sewers; ' 

(c) free from any substance, matter, or thing the discharge of which into 
the sewers may contravene any public or local Act of Parliament or 
Rule of Law. 

3. The Owner shall remove as frequently as may be necessary from the 
settling tanks all solid refuse and solid matter which may he from time to< 
time deposited therein. 

4. Only the effluent from the settling tanks which complies with Regula¬ 
tion 2 shall be discharged into the sewers. 

6. The maximum aggregate daily quantity of effluent which may pass 
from the manufactory into the sewer shall be agreed between the Owner 



20C 


TRADE WASTE WATERS. 


and the Corporation before any connection with the .aewer is made or any 
works for that jmrpose are coinineiiced. The size and caj)acity of the drain 
for conveying the effluent from the manufactory to the sewer filiall be deter¬ 
mined by the City Surveyor, and sliall be such as, having regard as well to 
the agreed luaximnm aggregate daily ipiantity of effluent as to the intended 
inclination of the drain, will be necessary to secure that only such agreed 
quantity shall and may be conveyed into the sewer .at a uniform and regular 
rate of flow throughout the twenty-four houns of every day. 

(!. The Owner shall provide .and efficiently maintain a reservoir or 
receptacle at the inaiiufaetory sufllcient to hold at least' one half the agreed 
maximum aggregate daily quantity of efllueiitand shall cause the effluent to 
ixaas into such reservoir or receptacle and be thence conveyed by the drain 
into the sewer. 

7. There shall be constructed and maintained by and at the cost of the 
Owner at or near the outlet of the drain into the sewer an examination 
■shaft and ajqiaratus so designed as to enable the Corporation or their ollicers 
to obtain at jileasure from time to time saiiqiles of the elllui'iit duscliarged 
into the sewer. 

8. The works shall he constructed and carried out to the satisfaction in all 

resjiects of the City Surveyor and shall be at all times subject to these 
Kegulations and the Acts of rarlianieiit (jmhlic or loial), Byedaws and 
Regulations for the time being in force in the City of M.ancliester in relation 
to the subject matter of these Regulations. In |iarticiilar, in the works of 
excavating for ami making and maintaining the drain or anything therein 
or connected therewith the Owner xvill ailopl such measures and generally 
carry out the works in such nianner us sli.all he suggested or reipiired by the 
City Surveyor for eiisiiriiig the sati.sfactory execution of the work for 
ettectiially jirotectiiig the sewers, drains, ga,s and water pijies, wires, tramlines, 
and apjiaratiis for eiisiiriiig perfect stability for the surface of the street and 
for preventing the complete stopjiagc of the traffic thereon, Biovided that 
the fact of the City Surveyor giving or failing to give any in.striiclions or 
directions re.spectiiig the xvork.s shall not relieve or exonerate the Owner 
from any obligations or liability imposed upon him by these regulations or 
at law. . 

i>. Any work of removing the pavement and fl.aggiiig of the street and of 
restoring and making good the same shall be done hy the Corporation at the. 
expense of the Owner, and the Owner shall ]iay any such exiieiise to the 
Corjioration on demand. 

10. The Owner sluall permit the City Surveyor or any other duly 
authori.sed olHcer of the (.lorporation to enter the manufactory from time to 
time and to inspect the c.onditiou thereof. 

11. If at any time the works provided for by these regulations or any of 
them or anything therein respectively shall in the opinion of the Corjioration 
or the City Surveyor be in a dilapidated, un.safe, inefficient, or unsatisfactory 
condition,' or if the satne shall not he kept and maintaiued in proper working 
order or shall not lie duly and jiroperly fulfilling tlie.se regulations in all 
respects, or if proper arrangements for removing the solids from the trade 
refuse are not in regular and constant operation, it shall he law'ful for, but 
not obligatory on, the Corporation, in addition and without prejudice to their 
other remedies, by statute or contract, at the risk and cost of the Owner (after 
first giving to the Owner one week’s notice in this behalf), either to repair, 
reinstate, or complete the same, or to remove and disconnect the drain from 
the sewer, as the Corporation ill their absolute di.scretion may think fit, and 
to enter iijxin the property of the Owner for the jiiirpose of executing the 
necessary works in that behalf. The Owner shall pay to the Coi'iioration on 
demand the cost to be incurred by the Corjioration in any such work of 
repair, reinstatement, completion, or disconnection, such cost to be from time 
to time ascertained and certified by the City Siirvj^or, whose decision shall 
be final and binding on all parties. 

12. Any cost and expenses which ni.ay be incurred by the Corporation, 
and which under these regulations shall be repayable to them by the Owner, 
shall include five pounds per centum for superintendence, and shall carry 
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intereat at four iiomids per centum per annum from and after tl.e expiration 
of one ealendar month after service upon tl>e Owner of a demand for payment 
of such costs and expenses. 

13. Th^ arrangements contemplated by these regulations do not extend 
to the reception into the sowers of surface and storm water or of water which 
has been taken or diverted from a river, stream, or canal. 

14. The Owner shall enter into an agreement, to be prepared liy the Town 
Clerk, for securing the due oliservanre of tliese regulations. 

15. In these regulations the following words liave the meanings here 
assigned to thenf:— 

“Owner” means and includes the owner and occupier for the time 
being of the manufactory, 

“ Mamifaetory ” iinJiules any works, manufact.ory, or premises in the 
City of Manchester in which li(|uid trade refuse is produced, 

“City Surveyor” means the City Surveyor for the time being of the 
City of Manchester, 

and words in the singular number imdude the |)lural, and words in the 
masculine gender include the feminine. 


/'on» of ApplIciitiMi. 

To THE CoUI’OKATION OE 'J'UE ClTY 01' MaNCMKM'HR. 

I apply for your permission to make a connection from my Works situate 

...with the Sewer in 

.Street, in the City of Manchester, 

for the purpose of carrying the liquids from such Works into such Sewer. 

The trade or ]iroce,ss carried on at such Works is that of a. 


'I'be maximum daily volume of liquids Lssuing from such Works is about 

.gallons. 

In the event of my ap))lieation being eonqilied with, I underlake that the 
foregoing llegiilations shall at all times be duly ob.served by the Owner and 
Occupier for the time being of the said Works. , 

The Ownei and Occupier of the Works are luepared to enter into an 
.Vgreemeut for lhat jiurpose, to be prepared by the Town Clerk of Manchester. 
The Names and Addresses of such Owner and Occupier arc 

Owner... 

Occiiliier .*. 

Signature. 

Addn-.ss.. 

Date. 


As an oxamjilo of the form of agrooment entered into, that adopted by 
the Bradford Corporation may be cited. 'Phis deals with cases of new 
connection to the sewer, and a somowhat different form is used in cases 
of existing connection. 

BRADFORD CORPORATION. 

Aijmmml betimm Curjioraimi and Mannfadurm. 

Articles of Agreement made this day of 191 

between 

(hereinafter called “the Firm ”) of the one jiart, and the Mayor, Aldermen, 
and Citizens of the City of Bradford in the County of York (hereinafter 
called “the Coriiorathin”) of the other pait, whereas the Firm have made 
application to the Corporation for permission to connect the premises of the 
Firm at (hereinafter called “ the Premises ” ) with 

the Sewer of the Coiqioration in ^ Street in the said 

City tiy means of a inch drain between the points A and B on the 
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plan hereto annexed, which drain is intended to convey into the eewers of 
the Corporation the purified effluent proceeding from the trade processes 
carried on by the Firm at tlie Premises, which said purified effluent and 
drain are hereinafter respectively called “ the said efflnentj’ and “ the said . 
drain,” -and whereas the Corporation have agreed to comply with the said 
appliciitiiui uiion and subject to the terms and conditions hereinafter appear¬ 
ing, now these presents witness, and it is hereby mutually agreed by and 
between the parlies hereto as follows, namely , 

(1) The Firm or their Contractor shall not connect the said drain 
with the said sewer of the Corporation without first obtaining a permit 
from the City Surveyor for tlie lime being and complying with the 
regulations in force in the Oily with respect to the connection of drains 
with the sewers of the Corporation, nor shall such connection be made 
until the works hereinafter mentioned for purifying and remilating the 
How of the said effluent and for arresting and removing Inerefrom all 
solid matters and mal.lcrs in suspension shall have been completed. 

(2) The said drain shall not at any lime be used for the purpose of 
conveying domestic, sewage into the sewers of the Corporation. Tlie 
Firm will not connect any other drain whatsoever with the. said drain, 
nor with the sewers of the Corporation, without first obtaining a permit 
from the City Surveyor and coinplyuig with the regulations with respect 
to the connection of drains with tlie sewers of the tlorporation wliich 
may from time to lime be made by the Corjioratioii and be, in force in 
the City. 

(3) The, Kirill will not at any lime make use of any drain made or 
used for the juirjiose of conveying domestic sewage from the Premises 
for the purpose of conveying any ellliieul or refuse of any kind proceed¬ 
ing from the trade procesBe.s carried on at the Premises into the sewers 
of the Corporation, and will so construct and maintain any drain made 
or used fur the purjiose of conieyiiig domestic sewage from the Premises, 
l.liat no effluent or refuse of .any kind proceeding from the said trade 
jiroceiises can find its way into such drain. 

(1) The Finn shall and will before conncctiiig the said drain with 
the .said sewei of the Corporation ]ii'ovide adc(|uate fillers, tanks, and 
other a]iparatus snflicient to purify and regiilale the How of the said 
ellluentand to arrest and remove therefrom all solid niatters and matters 
in suspension, and will at all times keep .and maintain the said filters, 
tanks, and other ajiparatiis in good and ellicieiit working order,'aiid will 
from time to time^ if the said filters, tanks, and other apparatus shall in 
the opinion of the Corpocation or t.lieir Sew.age Works Engineer (herein¬ 
after called “the Engineer”) at any time be not in good working order, 
make and cause to be made .such .alterations therein and ailditions thereto 
as may be necessary to make the said filters, tanks, and other aiijiaratus 
.sufficient to jiurify and regulate the flow of the said edliient, and to 
arrest and remove therefrom all solid matters and matters in suspension. 
The Firm shall and will also from time to time make such amendiuent 
or alteration to the satisfaction of the Engineer or of the City Surveyor 
in respect of the mode of commnnicatiun between the said drain and the 
said sewer of the Corporation a.s the Corporation by writing under the 
hand of the Engineer or of the City Surveyor shall rec|nire. 

(6) The Firm will not use or suffer or permit the said drain to be 
nscil for any other jmrpose whatever except for the purpose of carrying 
the said effluent into the sewers of the Corporation without the 
express leave in writing of the Corporation under the hand of the 
Engineer. 

(6J The Firm shall and will cause to be passed into and through the 
said filters, tauk.s, and other apparatus all the effluent and liquids pro¬ 
ceeding from the said trade processes before t^ey are discharged into the 
said drain. 

(7) The Firm shall and will construct and maintain to the satisfaction 
of the Corporation or the Engineer an inspection chamber on the line 
of the said drain, in such a position and in such a way that the Engineer 
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and others, the officers of tjje Corjwration, shall at all iimes by day and 
by tlight have free access to the said drain for the purpose of examining 
and taking samples of the liquid being discharged from the Premises 
into tlif said sewer of the Corporation, and the Firm shall and will at all 
times of the day and night give and allow to the Engineer and other 
officers of the Corporation free access to the said chamber. 

(8) The Firm shall and will permit the Engineer or any officer of 
the Corporation duly authorised in this behalf from time to time and at 
all reasonable times to enter the Premises and to inspect the condition 
l.hereof witfi a view to seeing that the terms and conditions of this 
Agreement and the provisions Iieieiu contained arc being duly observed 
and performed, and that all jiroper precautions and means for passing 
all the effluent and licpiids proceeding from the said trade processes into 
and through the said filters, tanks, and other ajiparatns, and for purify¬ 
ing and regulating the How of the said effluent and for arresting and 
removing therefrom all solid matters and matters in suspension are from 
time to time being taken. 

(9) The Firm undertake that the said effluent, when di.scharged from 
the Premises into the said sewer of the CorjKiration, shall be to the 
satisfaction of the Corjioration or the Engineer. 

(10) This Agreement is without ])rejndice to the provisions contained 
in Part 111. of the Public Health Acts (Amendnient) Act, 1890, and to 
the right of the Corporation to take ]iroix!edings in the event of any 
nui.sance. arising from the ]ircmi.se.s, and is not to be deemed as in any 
way authorising a breach of the Injunction of the Court of Chancery now 
subsisting against the Corporation (irohihiting the discharge of sewage 
not properly purified into the Bradford Beck, or as authorising the 
admission into the public sewers of any effluent or refuse of any kind 
from the Premises tliat would interfere with the treatment or utilisation 
of the sewage of the City, which is prohibited by the Bradford Tramways 
and Improvement Act, 1897, and the Rivers Pollution Prevention 
Act, 1871!. 

(11) Nothing in this Agreement shall be deemed or held to constitute 
an admission on the part of the ('orjioration of*any obligation to admit 
to their sewers or to treat or disjiose of trade refuse or elHiient. 

(12) This Agreement and everything herein contained may be 
determined at any time by either party giving to the other ])arty three 
calendar months’ written notice of their desire to so determine it, and 
thereiqion the privilege herehy granted to»the Firm to pass the said 
effluent into the sewers shall cease, and at the expiration of the said 
notice the Firm shall and will disconnect and remove the said drain 
from the said street after obtaining a jiermit from the City Surveyor, 
and complying in all leapecta with his re(]uirements. 

(13) If the Firm shall f,ail to observe and perform any of the pro- 
vi.sions hereinbefore set forth and on their part to be observed or per¬ 
formed, or if the said effluent when discharged into the sewera shall in the 
opinion of the Corporation or the Engineer prejudicially all'ect the sewers 
of the Corporation or the disposal 01 the sewage matter conveyed along 
such sewers, or be of a character or have qualities that would make it 
likely to interfere with the treatment or utilisation of the sewage of the 
City, or shall be in any other respect not to the satisfaction of the Corpora¬ 
tion or the Engineer, it shall be lawf 111 for the Corporation by their servants 
and agents, after giving to the Firm seven days’ notice under the hand 
of their Town Clerk in that behalf, to absolutely delcrinine this Agree¬ 
ment, and thereupon the privilege hereby granted to the Firm to pass the 
said effluent into the sewers shall cease, and the Corporation may at any 
time thereafter disconnect the said drain from the said sewer of the 
Corporation, am^for that purjiose enter into and upon the Premises, and 
dig down to the said drain and block it up without being liable for any 
loss or damage thereby occasioned to the Firm or to the Premises. 

In witness whereof the said 

have hereunto set their hands and seals, and the Corporation have caused 
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tliuir Common Seal to be hereunto affixed the day and year first hereinbefore 
written. 

Signed, sealed, and delivered ^ 
by the said 


J 

Tlie (Vnnnion Seal of the 
(forintration was fiereuuto affixed 
in the ])resenee of 


Ijord Mayiir. 


Toim airrk. j 

It should be noted tliat under the reeeiit Acts of Halifax, Heckmondwiko, 
and Huddersfield, although the Authorities have the power of calling upon 
tin' trader f,o give his refuse a prelinrinary purification, they have preferred 
to allow him to discharge it in its crude state into the sewer.s on condition 
of his Jiaying according to the natnri! and volume of his refuse. This is 
generally the wiser course to adopt, for where preliminary purification is 
insistrid upon it is often forrnd that the works provided by the inanu- 
fardurer are mismanaged or neglected, and that the cfiliusnt discharged 
into the sewer is nearly as bad as the crude refu.se. 

The regulations drawn up by agreement between the Corporation of 
Halifax and tin; traders ar(! as follows:— 

COUNTY BOROUGH OF HAUIFAX. 

(ieneral ReynhitiiiM {mrsnanl to Hectinn 11 of the Hdlifax Curjionitum Ael, 190.'). 
Mauk uy thk Halifax ConroBATioN, on this 2nd day of Octouicr 1907. 

1. Trade Refuse shall be discharged into a sewer at a uniform and 
regular rate of flow during working hours, so far as reasonably practicable, 
and with due regard to apace and requirements of the business for the time 
being carried on on the Trade Premises affected. 

2. (a) The Coriwration may construct and maintain at their cost at or 
near the outlet of the drain into the Sewer, an examination shaft and 
apparatus so designed as to enable the Corporation, or their Officers, to obtain 
from time to time samples of the Trade Refine discharged into the Sewer. 

(b) Any sample obtained by the Corjioration for tlie purposes of this Act 
shall be taken in two bottles of similar size and construction, and shall 
forthwith, before removal from the premises, be securely sealed up and signed 
and marked with the date and time of and place where taken by the person 
taking the same, and one bottle shall be left by such person with the Trader, 
or his rejiresentative for the time being in charge of the Trade Premises 
aflected. 

3. Any works shall be constructed and carried out subject to the General 
Regulations and the Acts of Parliament (public or local) for the time being 
in force in the Borough of Halifax in relation to the construction of drains 
and the connection thereof with the Sewers. 

4. All Statutory Powers vested in the Corporation for the inspection of 
drains shall apply to any drain to which this Act applies. 
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6 . fe) Any 'ftader now or hereafter adopting preliminary .treatment of 
Trade F^ifuse shall provide, maintain, and use on the space to be provided 
for tha purpose all plant and apparatus necessary and proper, so far as' 
reasonably practicable, within the intent and meaning of Section II, Sub¬ 
section (3) »f the said Act, to effect a preliminary treatment of the Tn^e 
Refuse produced by him at the Trade Premises affected, before discharging 
the same into the sewer, or into any drain communicating therewith. 

( 6 ) Any Preliminary Treatment Works fulfilling the requirements of 
Part (a) of this Clause, maintained and used at the date when these Eepila- 
tions shall come.into force, shall for all purposes be deemed to have been 
provided to fulfil the requirements of these Kegidations. 

( 6 ). (o) Wherever the Corporation shall be entitled under the said Act 
to make any charge for the removal and disposal of Trade Refuse, they may 
charge the Trader in accordance with the Table set forth in the Schedule 
hereto. 

(h) In case of any Industry not coming under one of the several sub¬ 
divisions of the Cla.'.ses for the tune taring mentioned in the said Table being 
hereafter armed on by any Trader, such Industry shall be entered under 
one of the said Chissca as a sub-division thereof, or sluill be entered as an 
additioiral class of industry, ami a charge fixed theieunder, as may be agreed 
between the Corporation and the Trader. 

(c) 'Hie rpiantity of 'I'rarlc Refuse to which any charge shall apply shall, 
subject to Clause 7, be agieed between the Corporation and the Trader. 

7. If any dispute or dilferencc shall at any time or times hereafter arise 
between the Corporation anil any Trader as to the construction or operation 
of these Regulations, or in case the [larties shall not agree upon any matter 
which is the suhjecl of Agreement hereunder, either party may refer the 
same to arbitration in accordance with Section 13 of the above-mentioned Act. 

8 . In these Regulations, words and esqiressions to which meanings are 
assigned in the Public Health Acts, and Rivers Pollution Prevention Act, 
1870, and the above-named Act, have the same respective meanings unless 
there he something in the subject or context repugnant to such constructions. 


SCHEDULE. 


Table ok Chauueh kob Removal anu Dikkosal oe Trade Refuse. 


Class. Trade. 


1 . W'ool combing . 

Wool wa.shing . 

Yarn scouring . 

Silk washing 

2. Curriers .... 

3. Dripping makers 
Waste bleaclimg 
Tripe dressing . 

Chemical works. 

4. Dyeing. 

Textile printing 
Brewing .... 
Bottle washing . 

Mineral water works . 

Soap making 

Gas working 
Stone sawing • 

Card clothing manufacturing 
Grain washing . 

Wire works 


(Regulation 6 ) 
Charge per 
Million Gallons. 

£ 8. d, 

s 10 0 0 

. 8 0 0 

s 5 0 0 


} 3 0 0 


20 
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The Heckmondwike regulations are identical, and in those of Hudders¬ 
field, where most of the manufacturers were discharging their refuse into 
the sewers before the Act was obtained, a unifonn charge of one penny per 
thousand gallons is made. The Huddersfield regulations' may be sum¬ 
marised as follows :— 

No. 1 interprets the various terms used. , 

No. 2 excludes clean waters from the sewers, permitting the trader to discharge 
them into any existing surface-water sewer. 

. No. 3 torhid.s the trader to discharge trade refuse into a surface-water sewer. 

No. 4 prescribes tanks and screens; the tanks to be in dujdicate and each to 
be suHicient to contain the maximum flow for six consecutive working hours. 

No. 5 excludes all solid matter from the trade refuse and prescribes the rise 
of chemical precipitation w'here necessary. 

No. 6 provides for the removal of grease by cheuuc,al treatment. 

No. 7 provides for the cleansing of the settling tanks. 

No. 8 stipulates that the How is to be continuous and regular per minute 
throughout each working day. 

No. 0 re((uires notice from the trader, from time to time, of the volume of 
trade refuse. 

No. 10 provides for a manhole or inspection chamber on the drain, with a 
lock and key under the control of the (!orporati<in. 

No. 11 authori.ses inspection of any ai)]iaratus provided. 

No. 12 stipulates that plans of proposed works shall he submitted to the 
Corporation. 

No. 13 requires the trader to pay for the work of connecting to the sewer. 

No. 14 entitles the trader, when he cannot comply with the foregoing regula¬ 
tions at a reasonable cost, to discharge his crude refuse into the sewers under 
]iaynient. 

No. 16 ]irovides that the trader who discharges crude trade refuse to the 
sewers under an agreement with the Corjioration, shall ]jay one penny for every 
thousand gallons discharged. 

No. 10 provides for. the settlement of any differences ari.sing, by a committee 
conKi.sting of four members appointed by the Corporation, and tour by the tiiuiers, 
with the mayor of the borough added when the voting is equal. 

The effect of the preliminary treatment of trade refuse when it is 
properly enforced is veiy marked. For exam[)lc, one tanner in Leeds, 
who discharges into the town sewer about 30,000 gallons of refuse 
daily, keeps back in his settling tanks some 12 tons of sludge per month. 
In the case of a dyer in Leeds, with a daily discharge of 40,000 to 50,000 
gallons, the wet sludge removed by his settling tanks amounts to some 
20 tons a week, and in another case in Pudsey, where the roLiso is 60,000 
gallons daily, the wet sludge removed from the tanks was formerly 1 ton 
per day, but this has been greatly reduced, the manufacturer finding it to 
his advantage to use dyes which produce less sludge. In these cases the 
preliminaiy treatment of the refuse is chiefly useful in removing suspended 
matter, although the mixing of the refuse in the settling tanks tends to 
precipitate some of the matters in solution. The preliminary treatment 
of wool-washing, pioee-scouring, and silk-boiling suds has a still more 
important effect. Where the suds arc properly treated, the effluent 
discharged to the sewer, though usually acid froln the vitriol used as a 
precipitant, is freed from grease and suspended solids, and creates little if 
any difficulty in the treatment of sewage with which it is mixed. Fortun- 
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ately the preliminary treatment of these liquids is remunerative from the 
amount M grease recoverable in most cases. 

Tablh LXXV. 

AVERAGE CRUDE SEWAGES. 


(Samples taken every halfSmtr for Uventyfoar hours atid mixed in 
prttportion to the flow.) 

(Results expressed in parts per 100,000.) 


No. 

1. 

2. 

3. 

4. 

5. 

6. 

7 . 

Total solids 

Solids in susiMjnsioii (dried 

atlOO’^C.): 

3 : 1-4 

83-0 

162-3 

238*2 

116-9 

285*9 

88-0 

Total .... 

6'8 

32-0 

70-6 

84-6 

35-2 

91-4 

32-3 

Asli . . 

Solids in .solution (dried at 
100“ C.): 

2 6 

6-9 

17-9 

28-4 

10*9 

15-7 

6-1 

Total . 

26'6 

51-0 

91 -7 

153-6 

81-6 

194-6 

55-7 

Asl) .... 

22-6 

41-7 

61-6 

1-2-2 0 

65-7 

163-8 

44-4 

Chlorides (as NaCI). 
Nitrogen: 

6-60 

14-23 

19'00 

18 16 

23-40 

28-10 

13-38 

Nitric .... 

0-02 

nil 

3-01 

nil 

0*04 

nil 

0-04 

Ammoniaoal. 

1'23 

4 89 

670 

2*91 

1-64 

4*94 

4-67 

1 Albuminoid (Wanklyn). 

()-2] 

1-15 

1-30 

1-82 

0-71 

1-78 

1-40 

Organic (Kjeldahl) 

1 N 

! Oxygen ab.sorbed from 

pennangaiiate at 
26r C. : 


2-34 

3-39 

3-17 

1-66 


2-73 

In fifteen ininuteH 

0-46 

2-70 

5-24 

9-40 

4-49 

15-34 

In four houi*s 

1*02 

5'67 

11-40 

16-30 

7-80 

24*36 

5-46 

Total fatty matter . 

In solution only: 

Nitrogen: 

1 09 

13-13 

39-60 

45*30 

16'20 

46*80 

9-77 

Albuminoid (Wanklyn; 

0-05 

0-34 

0-46 

0-73 

0-22 

0-62 

0-43 

Organic (Kjcldahl) . 
Oxygen absorbed from ^ 

pennaiiganato at 
267“ C. : 


0-63 

0-90 

•... 

4-30 


1-28 

In fifteen minutes 

0-19 

1 32 

2*10 

4-66 

2-4S 

7-25 

In four bom's . 
Hardness (in terms of 
CaCOs); 

0-35 

2-84 

4*62 

8-02 

3-78 

10-15 

2-36 

Total .... 

12 8 

18-6 

32-6 

34-1 

15-3 

51-1 


Permanent . 

10-97 

11*4 

11'3 

22 4 

12-1 

390 


Temporary . 

Flow in gallons jier head 

1-83 

7-2 

*21-3 

11-7 

3-2 

12-1 


in twenty-four horn's 

123 

46 

15 

46 

96 

19 

99 


Preliminary treatment of the trade refuse may not always be necessary 
or even to the advantage of the Sanitary Authority. For example, new 
developments in the treatment of sewage sludge may entirely change 
present views with Agard to the reception of greasy liquids into the 
sewers. At Bradford, Oldham, and Huddersfield Sewage Works, new 
processes of sludge treatment arc being adopted by which the Corporations 
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expect to recover ^le grease from the sludge and to sell it at a price which 
will make the process profitable. Again, if such a liquid as waste pickle 
from wiredrawing is let off suddenly in large quantities into the sewers it 
may wholly disorganise for the time the operation of sewage purification, 
acting as an antiseptic and checking bacterial action because of its strong 
acid reaction. If, on the contrary, it is gradually mixed with the domestic 
sewage it may help in the precipitation of solids, and thus materially assist 
in the work of purification. 

Witli the view of testitig the effect of regulations such as the foregoing, 
a scries of average samples of sewagcis from various towns has been taken, 
and the analyses are given in Table LXXV. The samples were in each case 
taken from the main outf.all sewer during twenty-four hoiu's, after a periwl 
of at least thna* days on which there had been no rain, (fare was taken 
to avoid any day on which the sewage was likely to be s])ecially strong or 
specially weak, such, for instance, as a washing day or a Sunday. The 
average composition of the sewages is calculated from the analyses of tho 
samples taken at the different times of day and from the pro|a)rtioual flow 
of sewage at these times. The samples were taken a few years .ago, so that 
tho figures of popul.atiou, flow, etc., may not coiu(ade with those of the 
present day, althongli the conclusions drawn are not afli'cted. 

The sewage works chosen were :— 

1. lUdey, where the main sewage farm receives the sewage from 1459 
houses. Tho estimated water supply per head of jxi])uhition is 30 gallons, 
and the only trade refuse is that of one very small brewery. There 
arc some 1300 water-c,Insets in the area drained and 170 waste water- 
closets. It is evident from the total flow of sewage, and especially from 
the flow in tho early hours of tho morning, that very large quantities of 
subsoil water obtain admission to the sewere. 

2. Ilarroyate Northern :—These sewage works receive the sewage of 
3800 houses, with an estimated water supply of 30 gallons per head of 
population. All the houses are provided with water-closets, and there is 
practically no trade refuse in the sewage. 

3. Hermwotih .—The number of houses draining to the sewage works 
is 810, and there is no trade refuse mixed with the sewage. There are 
only 32 wiiter-closots connected to the sewers, 5 of these being trough 
water-closets at schools. Tho water consumption is estimated at 10 
gallons per head per day. 

4. Bradford, Frizinyludl .—The number of houses drained to the 
Frizinghall Sewage Works is approxim.atcIy 63,000, with some 18,000 
water-closets. The estimated water supply is 20 gallons per head for 
domestic purposes, and 20 gallons per head for manufacturing use There 
are 122 mills discharging trade refuse to the sewers, at a large proportion of 
which wool washing is done, the suds being in most‘oases partially treated 
for extraction of tho grease before reaching the sewers. There are also 
large quantities of dyowater discharged into the sewers without treatment. 
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5. Hvdiergjield, ^lio Deighton Works receive the sewage of 

30ine 16,000 houses and the untreated trade refuse from 60 mills, three- 
quarters of jfhieh are woollen mills. The domestic water supply is 
estimated at 17 gallons per head, and the trade supply at 10 gallons per 
head, and there are over 4000 wator-olosots connected to the sewers. 
Apparently large volumes of subsoil oj- surface water obtain admission to 
the sewers. • 

6. Pvdsey, Howjh .%fe~Tlie sewage of I’udsey draining to Houghside 
Sewage Works includes that from some 2400 houses, and the trade refuse, 
after preliminary treatment, of ton premises, eight being woollen mills, 
one a tannery, and one a gasworks from which spent gas liquor is dis¬ 
charged. Tlic daily amount of trade refuse is ne.arly 100,000 gallons; 
the domestic sewage is chiefly from houses with privy middens, and 
amounts to 128,400 gallons. 

7. Keigldey .—In Keighley, 82.10 houses arc drained to the sewage 
works, and the domestic water supply is 2.'5 gallons per head, giving about 
1,000,000 gallons of domestic sewage per day. There are 1600 water- 
closets, and the contents of 1600 closet-tubs were, at the time the samples 
were taken, discharged into the sewers between 8 and 9 a.m. Twenty- 
three mills are drained into the sewens, one discharging dyewater, four 
wool-washing suds, three yarn-scouring suds, three both wool-washing and 
yarn-scouring suds, four tannery refuse, three laundry water, two brewery 
refuse, one refuse from grease-extracting works, one spent gas liquor after 
extraction of ammonia, and one waste from oil works. The refuse is in 
nearly all cases partially purified before being admitted to the sewers. 
Judging from the flow of sewage, there is probably a large quantity of 
subsoil or spring water .admitted to the sewers. 

It is abundantly evident from the various analyses given that trade 
refuse of many kinds is much more difficult and therefore much more 
costly to purify than ordinary domestic sewage. If any further evidence 
of this bo required, reference may be made to the experience of llradford 
with woolcombers’ refuse, of 13urtou-on-Trent and Shepton Mallett with 
brewery refuse, of Manchester (see Annual Reports of the Rivers Depart¬ 
ment, 1901, p. 14; 1911, p. 35) and Oldbury (see Journ. Soc. Chem. Ind., 
1907, vol. 26, p. 231) with chemical refuse, of Sevenoaks with tannery 
refuse (see Attorney-Oenend and Sevenoah Rural District Council v. Whit¬ 
more, “The Times,” 25th July 1900), of Southall Norwood with the refuse 
from a margarine factory (see Soidliall Norwood Urban District Council v. 
Middlesex County Council, 83 L.T. (N.S.) 742), of Norwich with starch 
refuse, and of Wolverhampton with waste pickle; and several other 
instances are given by the Royal Commission on Sewage Disposal, 1898, in 
their Fifth Report, p. J92, where they say that all the trade efihients of 
which they have had experience interfere with or retard processes of 
purification to some extent. 

In oases where there is a large proportion of trade refuse mixed with 
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the sewage of a town, there is, moreover, ar groat increase in the amount of 
sludge produced at the sewage works, and the disposal of sludge is now 
perhaps the chief difficulty in the treatment of sewage. For example, in 
twelve towns where domestic sewage only is treated, and whore precipitants 
.are used, the average quantity of sludge produced annually, containing 
70 per cent, moisture, is one ton for every twelve peraons, whereas ia 
other twelve towns whore there is a large admixture of trade refuse in the 
sewage, and where also precipitants are used, one ton of similar sludge is 
produced annually for every six persons. 

The Sanitiiry Authorities, therefore, wlio admit trade refuse to their 
sewers are quite justified in requiring the manufacturers to purify their 
refuse partially before discharging it into the sewers, or in calling upon 
them to pay something towards the increased cost of disposal of the 
sewage, and the manufacturer who can thus got rid of his trade refuse is 
in a mucli better position tlian one who is obliged to purify it (iffectivcly 
so as to bo able to discharge it into a stream. 

Kven wlicn the trade refuse is only taken into the sowers after pre¬ 
liminary treatment, the Sanitary Authorities must expect some increased 
ditticulty in dealing with the sewage b(«idcs that entailed by the greater 
volume, and should therefore be able to charge to the manufacturers some 
of the greater cost involved. This, however, is not,the view of the Royal 
(lommission (see Third Report, par. 29, p. 20), who have no doiibt been 
guided to the opposite conclusion by the fact that a large ])roportion of 
manufacturers are already in po8se.ssion of the right to discharge their 
refuse into sowers without payment. 

Wlrore preliminary treatment is insisterl upon, the Sanitary Authority 
must be prepared to see that the manufacturer constructs efficient works 
and manages them with,sufficient care. This is found to be far from 
easy, and it is probably the better course to follow the example of Halifax, 
Heckmondwike, and Huddersfield, where, as has been stated, the Sanitary 
Authorities prefer to receive the crude refuse into the sewers and to accept 
payment from the manufacturers towards the extra cost entailed, rather 
than to insist upon preliminary treatment. In these oases, owing to the 
fact that the arrangements arrived at were compromises between the 
Authorities and the manufacturers, many of whom had for long periods 
discharged their refuse into the sewers without restriction, the payments 
made do not nearly cover the total cost of purification of the refuse. In 
other cases, as in Bradford and Brighouse, charges are made by the 
Authorities sufficient to cover this whole cost, particularly where a 
manufacturer seeks to make a now connection to the sewers. 

Finally, it must be borne in mind that where a manufacturer discharges 
his refuse into a sewer, the contents of which are not effectively purified by 
the Sanitary Authority, he may still be held responsible for any pollution of 
a stream resulting from the discharge of his refuse into it (see West Riding 
of Yorkshire Rivers Board v. Butterworth & Roberts, 1909, A.C. 46). 
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CHAPTER XIIl. 


METHODS OF ANALYSIS AND LIMITS OF 
IMPURITY. 

Methods of analysis—Ordinary tests—Special tests—Limits of impurity or standai'ds— 
Ref'ommcudations of Royal Oomraissions—Growtlis in streams as sif;u8 of pollution— 
Bibliography. 

In the foregoing pages reference has frequently hoeii made to tlie results 
of analysis, and in the present chapter it is proposed to indicate briefly 
how these are obtained, inasmuch as they depend to a considerable extent 
upon the methods employed. 

For a long time chemists have advociited the adoption of standard 
methods of analysis, and it is understood that the Royal Commission on 
Sewage Disposal is now considering the question with regard to water and 
sewage effluents. It will be well if some generally acceptable scheme is 
thus evolved, for in the analysis of such liquids the adoption of standard 
methods seems specially advisable. Meanwhile the best that can bo done 
is to record results and to state how they were obtained, as they are thus 
rendered more useful to other chemists. 

With regard to the analysis of waste liquids arising from manufacturing 
processes, the methods are in the main the same us those employed for 
water and sewage, but it must be borne in mind that special problems are 
continually presenting themselves, and these must be solved by the 
adoption of special methods. Still, it is possible to speak of a routine 
analysis which includes, besides a note of the physical characteristics, some 
or all of the following determinations:— 

Total solids. 

Solids in suspension (dried at 100' C.) 

„ ,, Ash. 

Solids in solution (dried at 100° 0.). 

,, ,, Ash. 

Chlorides (in terms of. sodium chloride). 

Ammoniacal nitrogen, from free and saline ammonia. 

Albuminoid „ (Wanklyn). 

Organic „ (Kjeldahl). 
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Nitrous nitrogen, from nitrites. 

Nitric „ from nitrates. 

Oxygen absorbed in 4 hours a,t 26-7° C. 

Alkalinity in terms of NaHO. 

Acidity „ HjSO^. 

Hardness (in terms of CaCOj)—Total. 

„ • „ Permanent. 

„ „ Temporary. 

Oxygen in solution (c.c. per litre at 0° C. and 760 mm.). 

The results, following the procedure of the 1868 Rivers Pollution 
Commission and the recommendation of a Committoo of the British 
Association appointed in 1898, should be expressed in parts per 100,000, 
and this is found very useful in comparing the analyses with those of 
Continental and American chemists, who generally e,\prcss their results 
in milligrammes per litre or parts per million. The results are not really 
parts per 100,000 by weight but centigrammes per litre. As there are, 
however, 100,000 centigrammes of water in a litre, no appreciable error is 
generally involved. Eiiuivalcnts of parts per 100,000, grains per gallon, 
and milligrammes per litre .are given in the following table:— 



Parts per 
100,000. 

Grains per 
Gallon (Parts 
per 70,000). 

Milligrammes 
per Litre (Parts 
l»r Million). 

1 part per 100,000 

1-00 

o-ro 

10-00 

1 grain per gallon 

1-43 

1-00 

14-29 

1 iiiilligrammc iicr litre 

0-10 

0-07 

1-00 


The analysis is generally performed on the thoroughly shaken sample 
and not on the filtered or settled liquid, as it is the liquid with the 
accompanying suspended matters which is likely to be discharged into the 
stream. Occasionally it is necessary to know the nature of the liquid 
apart from the suspended matters, and in such cases an additional analysis 
is made after the suspended matters have been removed by filtration. 

If the sample contains fibres or lumps of solid matter which would 
prevent an average portion being taken, and which cannot be broken up 
by a thorough shaking, these are removed and separately weighed. For 
this purpose a sieve of brass wire gauze (construotod with wire of 0-0076 
inch in diameter. No. 36 S.W.G.), in which there are 1600 apertures to the 
square inch, is used, and a note is made of the amount and nature of the 
solids thus removed. The analysis is then made on the liquid which has 
passed through the sieve. 

Physical Chaiaoteristics.—Under the heading of Physical Character¬ 
istics the appearance of the liquid as to colour, turbidity, etc., is described, 
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the apparent amount and character of the sediment, the odour, and the 
reaction to litmus paper. 

The turbidity is sometimes measured according to a method described 
by Reid {Proc. Roy. Soc., 1907, B, vol. 79, p. 63), in which tlio depth of 
liquid is measured which is necessary to obscure black cross lines, engraved 
on a white porcelain disc, at the bottom of a two-foot glass tube. , 

ObsorvatiouN made as to the sensitiveness of the litmus test show that 
the changes in colour de])cnd upon the length of exposure of the papers 
as well as upon the amount of acidity or alk.alinity of tho liquid. I’apers 
supplied by different makers also vary in sousitiveuess, tho bibulous paper 
supplied in tins by the Holfenberg Ohcmical Works Co., Ltd., Dresden, 
(lermany, having been found very sensitiA’c. 

Solutions of sulphuric acid containing 1, 2, .'), 7, 10, 15, and 20 parts 
per 100,000 were prepared and tested with blue litmus paper. The first 
two solutions did not change the colour of the paper for about two minutes 
and would be considered as only slightly acid, the others reacted almost 
immediately. Similar solutions of acetic acid wore also prepared and 
tested. The first two only caused a slight reddening of tho paper 
after four minutes, and would be considered very .slightly acid ; up to 7 
parts the acidity was only slightly marked, about e(pial to 2 parts of 
sulphuric acid, whilst above this the acidity was decided. Acidity pro¬ 
duced by one part of sulphuric acid or 2 parts of acetic acid per 100,000 
was readily noticeable by the taste. 

Solutions of caustic soda, containing 1, 2, 3, .5, 7, and 10 parts per 
100,000, were also prtpared and tested with red litmus pajier. With less 
than 2 parts per 100,000 the alkalinity was not shown by litmus paper ; 
with 2 to 5 parts tho reaction was slight, and with more than 5 it was 
distinct. The first throe solutions tasted like distilled w’atcr, the fourth 
and fifth wore slightly alkaline, and the taste was distinct with tho solution 
containing 10 parts. It will be noticed that the tongue is not so sensitive 
to alkalinity as litmus paper, although it is more sensitive to acidity, pro¬ 
bably because the soeretions of tho mouth are usually alkaline. 

Total Solids.—This figure is the sum of the solids in sinspcnsion and 
the solids in solution. Only rarely is it tho result of a direct determina¬ 
tion, which is carried out in the same manner as the estimation of solids in 
solution. 

Solids in Suspension.—In determining these the sample is thoroughly 
shaken and 60 to 1000 c.c. (according to the amount of sediment) are 
passed through a filter paper, which has been previously dried in a steam 
oven at 100’ C. until its weight remains constant. In filtering the sample 
the first runnings are generally passed through the filter paper a second 
time to get rid of any suspended matter which has escaped. The filter 
paper with the solids is next washed with distilled water and then dried 
in the steam oven until constant in weight. The increase in weight gives 
the amount of solids in suspension in the amount of sample taken. 
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In detemining the ash of the suspended solids the filter paper and 
solids are transferred to a weighed platinum capsule and ignited in a 
. muffle furnace. ^ The addition of a few drops of ammonium nitrate solution 
oonsideitibly helps the ignition of the filter paper, the ash of w'hich must 
be allowed for. 

• Sometimes the liquid is so thick and turbid that it takes days to filter 
a sufficient quantitjs to permit of the solids in suspension being determined 
as above. In such cases direct determinations of the total solids and solids 
in solution are nmdc, the diflerenco between those figures being rctunied 
as solids in suspension. This method is also preferable in some cases where 
the solids in suspension would bo washed away by distilled water. In 
using such a method it sometimes happens that the ash of the solids in 
solution is larger in aTiiount than the ash of the totol solids, especially in 
cases where there is a larg(! amount of easily combustible matter in the 
aus])endod solids, but the use of a muffle furnace for “burning <)(!” to some 
extent meets this difiiculty. 

Solids in Solution.—In estimating the solids in solution, or the total 
solids when these are estimated <lirectly, a suitoble volume (generally 
100 c.c.) of the filtrate from the foregoing process, or of the well-shaken 
liquid, is evaporated in a previously weighed platinum dish, first to a 
small bulk over a llunson fitted with a Rose burner, and then to dryness 
on a water bath. The dish is then dried in the steam oven until its 
weight ceases to diminish. The method by which the filtrate is obtained 
influences the result of this determination. The filter papers generally 
used are Munktell’s No. 1 F, but even clearer filtrates arc obtainable by 
the use of a small Berkefeld filter of infusorial (sarth, aided by a filter 
pump, which much hastens the process. The ash of the solids in solution 
is determined by heating the platinum dish and contents to a dull red 
heat in a muffle furnace and subsdpieutly weighing. 

The platinum dishes arc alloyed with 10 per cent, of iridium. Their 
loss in weight, due to the ignition of corrosive liquids and the cleansing by 
means of finely powdered bath brick (which has been levigated in a stream 
of water), has been measured from year to year. Fifteen dishes in 
constant use gave an average loss per annum of 01 per cent., the largest 
individual loss being 0-2 per cent., and the smallest 0-02 per cent. 

Chlorides (in terms of Sodium Chloride).—Chlorides are estimated by 
titration with a solution of silver nitrate, using potassium chromate as 
indicator. The method is directly applicable to neutral or slightly 
alkaline liquids, but not to those which are acid or strongly alkaline. A 
convenient method of neutralising acid liquids is by means of calcium 
carbonate, as any excess is easily filtered off. Strongly alkaline liquids 
are neutralised with nitric acid before titration. In the case of liquids 
having a strong colour, or much turbidity, or containing sulphides, the 
sample is evaporated to dryness with the addition of a little lime or 
sodium carbonate, and ignited gently (a strong ignition volatiljses a 
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portion of the chlorides). The residue is then taken up with water, 
filtered, and the chlorides titrated with silver nitrate. The strength of 
the silver nitrate solution (14'825 grammes per litre) is such that if 60 0 . 0 . . 
of the cfiluent are titrated the number of c.c. required multiplied by 10 
gives the amount of sodium chloride in parts per 100,000. 

Ammoniacal Nitrogen (from free and saline Ammonia).—A suitable 
quantity of the sample is distilled from a retort or distilling flask contain¬ 
ing about 400 C.C. of distilled water, which has previously been made 
slightly alkaline and boiled free from ammonia, and the distillate is 
Nesslerised. The volume of licpiid taken varies very considerably accord¬ 
ing to its nature—50 c.c. being generally a suitable quantity—and the 
quantity taken influences the amount of distilled water used, as sufficient 
must be used to allow of a large volume of distillate being collected at 
this stage, and also in the subsequent process for the determination of 
albuminoid nitrogen. 

The distillate is collected in Ncssler tubes in portions of 100 or 50 c.c., 
and the distillation is continued until the final portion gives no coloration 
on addition of Ncssler’s reagent (about 2 c.c. to every 100 c.c. of liquid). 
The amount of ammonia is then estimated by matching the colour pro¬ 
duced in the separate portions with that produced by adding Nessler’s 
reagent to a solution containing a knowir amount of ammonium chloride. 
This solution contains 0 00001 gramme of nitrogen per c.c. This method 
of estimating ammonia is so delicate tlrat by its aid, using 1000 c.c, of 
a water, one part can be detected and e.stimated in a hundred millioir parts 
of the water. '■ 

In very clear water the estimation m.ay bo made by the direct addition 
of the Nessler reagent, but even then there is risk of interference by the 
salts present in solution. Sometimes the distillate is not clear because of 
substances which have been carried over with the steam, and in such 
cases the liquid must be filtered through a filter paper which has previoxisly 
been washed with ammonia-free water, before the addition of the Nessler 
reagent. These particulate substances, especially fatty matters, distilled 
over with the steam contain nitrogen in the albuminoid form, but not 
as free and saline ammonia. 

The colour produced by ammonia or siilts of ammonia with Nessler’s 
reagent is not produced by ethylamine, aniline, or napthylamine, as might 
be expected from the similarity in constitution between these bodies and 
ammonia. 

The choice between retorts and distilling flasks is largely a personal 
matter, the same results being obtainable with both, and neither is more 
economical in point of time or of breakages. A distilling flask does 
possess an advantage in the case of liquids which froth considerably or 
bump violently, but bumping may be effectually prevented by placing 
two or three small pieces of crumpled platinum foil at the bottom of the'"^ 
retort. 
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Prqxiration of^ Nesile’Ps Reagent ,—Dissolve 70 grammes- potassium 
iodide in 200 c.o. of distilled water and 32 grammes mercuric chloride in 
^ 600 c.o. of distilled water. Add the second solution gradually to the first 
until a slight permanent red precipitate is formed and then dilute to 2 
litres with a 20 per cent, solution of stick caustic soda which has been 
boded to free it from ammeuia. Now add more of the mercuric chloride 
solution in small quantities at a time until a permanent yellow precipitate 
is just formed. Allow this precipitate to settle and decant the clear super¬ 
natant liquid, which is then ready for use. 

Albuminoid Nitrogen.—The process used in this determination was 
devised by Wanklyn in 1867 {Journal of the Chemical Society, 1867, vol. 
20, p. 446). It aims at estimating the organic matter in a liijuid such as 
a sewage effiuent, and depends upon the fact that complex nitrogenous 
organic bodies in such liquids are partially decomposed, with lil)eration of 
ammonia, by boiling them in an alkaline solution of permanganate of 
potash. This test is not an exact measure of the amount of organic 
matter present, but rather an estimation of that part of it which is liable 
to undergo putrefactive decomposition. 

To the licpiid remaining in the retort after the free and saline ammonia 
has boon distilled off, or to the li(piid diluted with ammonia-free water, if 
only a small volume remains, 26 c.c. (or inoi'e in the case of very bad 
liquids) of an alkaline solution of permanganate of potash (containing 
8 grammes KMnO^, and 150 grammes NaOH per litre) are added and the 
distillation continued as in the previous estimation until no ammonia is 
present in the last portion of distillate. The ammwiia in the distillate 
is estimated with Nessler’s reagent. As in the distillation of free and 
saline ammonia, substances are sometimes carried over in the steam and 
must be filtered off before Ncsslcrising the distillate. These substances 
contain nitrogen which can ho converted into ammonia by prolonged 
boiling with alkaline permanganate of potash, but this is not included in 
the results. 

In dealing with some polluted liquids containing much organic matter, 
ammonia continues to come off as long as boiling is continued, and this is 
another reason for regarding the test as a comparative one rather than an 
accurate determination. 

Organic Nitrogen. — Kjeldahl discovered that boiling concentrated 
sulphuric acid converts the nitrogen of nitrogenous organic bodies, with 
very few exceptions, into sulphate of ammonia. By rendering the solution 
thus obtained alkaline with a solution of caustic soda, and distilling off and 
estimating the ammonia either with Nessler’s reagent or by means of acid 
of standard strength, we have a method of determining the nitrogen in 
sewages and trade refuse. 

A suitable quantity ^about 50 c.c. of an ordinary effluent) of the 
liquid is heated with 10 c.c. of concentrated sulphuric acid (yielding not 
more than about O'OOOOl gramme nitrogen per c.o. when distilled with 
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caustic soda). In the case of very bad effluents, frothing first takes-plafie, 
and then about 0’5 gramme anhydrous copper sulphate may be added. 
The complete destruction of the organic matter is indicated by the liquid ^ 
becoming clear, a condition which may sometimes be hastened by the 
addition of a few grammes of potassium sulphate to enable a higher 
temperature to ho obtained. In most cases, however, neither the copper 
sulphate nor the potassium sulphate arc necessary, an(l tlie liquid becomes 
clear in aboiit an hour after boiling has commenced. Very good waters 
do not blacken during this process, and it is then advi.sablc to add a small 
quantity of pure cane sugar as an indicator to ensure blackening and 
8ubse(piont clarification. When this part of the process is complete the 
remaining liquid is allowed to cool and is diluted with ammonia-free water. 
A sufficient amount of ammonia-free solution of caustic soda to render 
the liquid alkaline is added, and the mixture distilled. The ammonia in 
the distillate is estimated either by Ncsslerising or by catching the 
distillate in acid of sbindard strength, .and from this estimation the 
amount of nitrogen is calculiited. The amount of nitrogen estimated by 
Kjeldahl’s process, less that from free and saline ammonia, is termed 
organic nitrogen. 

In the above distillation, especially if the ammonia is caught in acid, 
it is necessary to use a flask fitted with a trapped bulb, in older to prevent 
caustic li(|uid being carried over with the distillate. 

When nitrites or nitrates are present they are partly converted to 
sulphate of ammonia, thus interfering with the result, but if an attempt 
is made to correct this error, by first reducing these bodies and estimating 
their nitrogen along with the nitrogen from free and saline ammonia, it 
is found that some of the nitrogenous organic bodies are simultaneously 
decomposed with formation of ammonia. 

The ratio of the organic nitrogen to the albuminoid nitrogen affords 
a rough guide to the quality of a liquid. The former is invariably 
higher than the latter, and Dr M'Gowan (Royal Commission on Sewage 
Disposal, 1898, Fourth Report, supplementary vol. 4, part 5, p. 24) 
proposes to call the difference between the Kjeldahl nitrogen and the sum 
of the ammoniaoal, albuminoid, nitrous and nitric nitrogens, the “X” 
nitrogen. This “X” nitrogen is more stable than the albuminoid 
nitrogen, and as purification proceeds the albuminoid nitrogen is more 
rapidly attacked than the “X” nitrogen, the proportion of which con¬ 
sequently becomes larger. As to the actual amount of “ X ” nitrogen 
occurring in liquids no general statement can be made, but it has been 
observed that the ratio of the organic nitrogen to the albuminoid nitrogen 
is fairly consbint for Inpiids of the same class. For good river waters, for 
example, this ratio is about 6-0, sinking to about 3-0 in more polluted 
waters. In sewage effluents the ratio is about *4'0 or 3-0, and in crude 
sewages about 3'0, whilst in grossly polluting trade liquids it sinks as low 
as 2 "0 or even lower. 
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Nitcoua Nitroiten. — The method adopted for this determination 
depends upon the amount present. The sulphanilic acid method is very 
delicate and is used to estimate very small quantities. The metapheny- 
lenediamine method is used when the quantity to be estimated exceeds 
about 0'00.5 parts nitrogen per 100,000. Both methods arc colorimetric. 

Sidpha/nilic Acid Method. —2 c.c. of the reagent known as Griess- 
Ilosvay solution, prepared by mixing a solution containing 1 gramme 
sulphanilic acid, 14’7 grammes glacial acetic acid, and 285 c.c. water with 
an e()ual volume of a solution containing 0'2 gramme a-naphthylamiue, 
14‘7 grammes glacial acetic acid, and 325 c.c. water (see Fowler, Sewage 
Works Aimlgses, 1902, p. 04), are iidded to 10 or 50 c.c. of the effluent in 
a Nesslor glass, when a pink colour is produced if nitrites are present. 
The pink colour is matched with that produced by known amounts of 
potassium nitrite present in a standard solution (containing either O'OOOOl 
or 0 000002 grammes nitrogen per c.c. as nitrite) treated in exactly the 
same manner. 

This reaction is so very delicate that effluents containing large amounts 
of nitrous nitrogen produce such a deep pink tint that it is difficult to 
match correctly, .and in such cases the less delicate metaphcnylenediamine 
mcthoil is preferable. 

Metaphenylenediamine Method.—k solution containing 8 grammes of 
the hydrochloride of the diamine in a litre, and another eontainiug 1 
part of sulpinnic acid to 3 of distilled water ai'c prepared, and 1 c.c. 
of each of these solutions is added to 10 or 50 c.c. of the sample in a 
Nessler glass. In the presence of nitrites a ysllowish-brown colour 
(similar to that produced by Messier’s reagent in the presence of ammonia) 
is produced, and this is matched with that produced by known quantities 
of the standard potassium nitrite solution as in the previous method. 

When nitrites are j)resont in an effluent they absorb oxygen in the 
potassium permanganate teat, with the result that the effluent appears 
worse than is really the case. In order to measure the extent of the 
error introduced by neglecting the nitrites, a series of sixty-five sewage 
effluents was tested, and it was found that the error is so small that it 
does not cause any alteration in the classification of the effluent as good 
or bad. 

Nitric Nitrogen.—One chief aim in the purification of waste waters is 
the oxidation of the nitrogen of the organic matter into the form of 
nitrates. The estimation of these, which are expressed as nitric nitrogen, 
is therefore of great importance. 

The method adopted is the Sprengel or phonolsulphonic acid process 
(Grandval and Lajoux, Comptes rendus, 6th July 1885), misnamed the 
picric acid process. Of the effluent 25 c.c. are evaporated to dryness in 
a porcelain basin on thoAvater bath, 2 c.c. of a mixture of equal parts of 
phenolsulphonic acid and water are added, and the heating on the water 
bath continued for a few minutes. An excess of ammonia is now added 
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(caustic potash produces the same result and is preferable if the operation 
is performed in a room where amirionia determinations are being carried 
out), and in the presence of nitrates a yellow colour is produced. The 
colour is matched, just as in Nesslerising, with that produced by sub¬ 
mitting 10 c.c. of a standard solution of potassium nitrate (1 c.c. containing 
O'OOOOl gramme nitrogen as nitrate) to the same process. Tlic yellow 
colour obtained in this test varies somewhat, according to the method 
employed for making the plienolsulphonic acid. It is best prepared by 
adding gradually a solution of 18 grammes crystallised phenol in 9 c.c. 
distilled water to 111 c.c. pure sulphuric acid and allowing the mixture 
to stand in a stoppered bottle for several hours on the water bath. 

The method is a very (juick one, but yields results lower than the 
truth in the presence of chlorides ('I'atlock and Thomson, Journal of the 
Society of Chemical Industry, 1904, vol. 23, p. 428). Known solutions of 
sodium chloride and potassium nitrate were submitted to the process, and 
it was found that the results, in presence of such amounts of chlorides as 
usually occur in sewage effluents, may be 10 to 20 per c(‘nt. below the 
truth. A simple method of overcoming the difficulty is to remove the 
chlorides with silver oxide before performing the nitrat<! test. The 
addition of strong hydrochloric acid to the phcnolsulphonic acid has also 
been suggested (sec Johnson, Analyst’s Lahoratoi-y Companion, p. 81). 

The term “picric acid process” originated in a belief that the yellow 
colour produced is due to the formation of picric acid (trinitrophenol). If 
this were the case it shoidd be possible to make standard solutions of 
picric acid (containing known amounts of nitrogen), with which the nitrate 
solutions after treatment by this process could be matched. This was 
attempted, but without success (see also Report of the Massachusetts State 
Board of Health, 1890, p. 713). 

Attempts were also made to match the colour with mixtures of ortho-, 
meta-, para-, and tri-nitrophenol, but the tints so produced only served to 
indicate that the yellow colour is due to a very complicated mixture, 
probably containing certain proportions of the various dinitrophenols in 
addition to the above compounds. 

Other methods of estimating nitrates have been tested, notably the 
indigo process, the reduction process with the copper-zinc couple, or with 
the aluminium-mercury couple, and the pyrogallol process, but none of 
these possesses the advantages of the phenolsulphonic acid process. 

Sewage effluents which contain a fairly large amount of organic 
matter as well as nitrates undergo changes on standing, the nitrates 
being partially or wholly used up to oxidise the organic matter, and hence 
it is necessary to perforui the analyses as soon as possible after the samples 
are taken. 

Oxygen Absorbed.—The oxygen-absorbed test, owing to the ease with 
which it is performed, and the enormous mass of comparable results 
which has been accumulated, has come to be regarded as one of the most 
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important tests for sewago cfHuents, and although it does not furnish 
information as to the nature of the organic matter whose presence it 
indicates, it is remarkable that the putrescibilily of this organic matter 
may be very well foretold from an analysis which includes the estimation 
of nitric nitrogen and oxygon absorbed. 

. The oxygen absorbed is determined by measuring the amount of 
potassium permanganate decolorised by a known volume of the effluent. 
The estimation is performed as follows:—Into a 12 oz. well-stoppered 
bottle are placed 150 c.c. of distilled water and 10 c.c. of dilute sulphuric 
acid (prepared by mixing one volume of concentrated sulphuric acid with 
three volumes of distilled water and tingciilg the mixture with potassium 
permanganate in order to destroy organic matter). The bottle is then 
placed in a vessel of water which is kept at a temperature of 26'7°C. 

A suitable quantity of the liquid under exaraimation (50 c.c. arc 
tisually taken) is placed in the bottle and successive quantities of 10 c.c. 

. N 

of potassium ])ermaugauato solution are added, so that the excess of 

permanganate, judging from the colour, is never less than about 5 c.c. The 
bottle is kept in the vessel of water for four hours, being occ.asioually 
gently sliaken, and more permanganate solution is added as ro(juired. 

At the end of tlie four hours 1 c.c. of a 10 per cent, solution of 
potassium iodide is added and the liberated iodine is titrated with a 

N 

solution of sodium hyposulphite of strength approximately —, starch 

80 

solution being used as indicator. Tliis gives the«e,mount of the hypo¬ 
sulphite solution which corresponds to the unexhausted permanganate. 
Blank tests are performed in the same manner and at the same time as 
the former with 10 and with 20 c.c. of the permanganate solution, in 
order to determine the strength of the hyposulpliite solution and the 
amount of permanganate decolorised by the 150 c.c. water and 10 c.c. 
acid. The difference between the two titrations of the blank tests 
gives the amount of hyposulphite whieli is equivalent to 10 c.c. of the 
permanganate solution, and the difference between this figure and the 
amount of hyposulphite ro(piired in the blank test with 10 c.c. perman¬ 
ganate gives the amount of permanganate which has been absorbed by 
the water and acid. By m.akiug due allowance for the permanganate 
decolorised by the water and acid and correcting for the ascertained 
strength of the hyposulphite solution, the exact amount of permanganate 
decolorised by the effluent is easily estimated. 

The strengths of the above solutions are so arranged that the number 
of c.o. of permanganate decolorised by 10 c.c. of the liquid gives the 
oxygen absorbed in parts per 100,000. 

Variations in the tin?e during which the action of the permanganate is 
allowed to proceed have been recommended [Ancdyit, 1881, vol. 6, 
p. 127), but yield little additional information, except in a few cases where 

21 
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substances are present which have an instantaneous reducing action upon 
permanganate, and in such cases the three minutes’ tost may be valuable. 
It was thought that the result of tlie four hours’ test might be calculated 
from those of the throe niinutos’ and two hours’ tests, and within certain 
limits this was found to be j)osaible. In order to try this, analyses of a 
hundred and fifty sewage effluents were made, in which the throe minutts’, 
two hours’, and four hours’ tests were included, and if A, U, and C represent 
the results of tliese tests respectively, it was found that C = B+ J (B—A). 
This moans that the organic mattiw in the liquid absorbs oxygen rapidly 
during the first three minutes, more slowly up to the end of two hours, 
and still more slowly in a further jteriod of two hours, tho total amount 
absorbed during the last period amounting very approximately to a third 
of that absorbed during the second period. 

Some authorities do not add the 150 c.c. of water as in the alM)vc 
method of estimation. One Iniudrcd and sixty sewage effluents were 

o. xamined by both methods, and it w.as found that higher results were 
invariably obtained when the sample was not diluted, but that there was 
no regular relation between the two. It was evident, therefore, that if the 
results of tliis tost are to be strictly comparable the analysis must always 
be carried out in the same way (for a discussion on this subject see Jovm. 
Soc. C/mm. lud., 189ff, vol. 17, pp. 11, 42.5). In the tests carried out by 
the Itoyal Commission (see Fourth Report, supplementary vol 4, part 5, 

N 

p. 37) 10 per cent, sulphuric acid and — permanganate wei'e used, but 

8 

this variation from ordinary custom has not mot with general approval 
and scarcely seems warranted. .Some two hundred sewage effluents have 
been tested by the Royal Commission method and by the ordinary method, 
and it has been found, as was to be ex])ectcd, that the fonner invariably 
gives higher results. The average ratio between tho two results was 2'09, 
but this was by no means constant, varying from 100 to 3-39. 

In many kinds of trade refuse substances are present which are only 
partially removed by a purification process, and which have the power of 
rapidly absorbing large quantities of oxygen, such, for instance, as tho 
sulphur compounds and phenolic bodies in spent gas liqvior. In these 
cases the test by itself is of very little value in determining the 
putrescibility of tho effluents. 

Alkalinity or Acidity.—Little need bo said about these determinations 
except as regards the use of indicators. Tho sohitions of acid and alkali 
N N 

used for tho titration are — hydrochloric acid and — caustic soda. In 

estimating alkalinity phcnolphthalein and methyl orange are both used as 
indicators. In adding acid to an alkaline liquid in the presence of methyl 
orange the yellow colour only turns to red when sufficient acid has been 
added to neutralise all the alkali which is present, whether in the free state 
or combined with carbonic acid. Tho distinctive pink colour of the phenol- 
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phthalein disappears before this point has been reached, nan* ly, when all 
the free .tlkali has been neutralised and that present as carbonate half 
converted to chloride and half to bicarbonate. When it is evident that 
the alkali is chiefly present as carbonate the result as given by the meihyl 
orange test is set down in terms of NajCOj, CaCOj, or (NH 4 ) 2 COj, which- 
e»er is likely to be present. When, on the other hand, the alkali is 
chiefly present in dihe caustic state, the result as given by the phcmol- 
phthalcin teat is sot down in terms of NaOH, CaO, or NHj. 

In estimating acidity methyl orange is the indicator generally used, 
but where the acidity is duo to weak acids such as acetic or lactic, 
phonolphthalcin is more reliable, but it must be borne in mind that the 
latter is affected V)y carbon dioxide. 

Some liquids are so deeply coloured as to hide the changes in the 
indicators during titration. In such cases the dye present in the liquid 
may itself act as an indicator, or it may be necessary to use litmus paper, 
or to note the change which occurs when a drop of the indicator is placed 
on a white tile and a drop of the titrated liquid added to it. 

Hardness.—The hardness of a water or trade efBuent is generally due 
to the presence of calcium or magnesium salts. These produce a pre¬ 
cipitate from a soap solution and hinder the formation of a lather, and 
upon this facit is founded the method of estimating the hardness of a 
liquid. About 6 grammes oleic acid and 1'5 grammes of jmtassium 
ciirbonatc are ground together in a mortar with a little warm water, 
the mixture dissolved in about .500 c.c. methylated spirits, and the 
solution diluted with an equal volume of watet. A standard hard 
water is made by dissolving 0 2286 grammes of pure calcite or calcium 
carbonate in hydrochloric acid, evaporating to expel the excess of acid, and 
dissolving the residue in one litre of water, makyig a solution of hardness 
e(pnvalent to 22‘86 parts CaCO, per 100,000 (or 16 00 grains per gallon). 
To 50 c.c. of this standard hard water in a well-stoppered 10-oz. bottle the 
above soap solution is added gradually, 1 c.c. or less at a time; the 
mixture after each addition is shaken, and the process continued until the 
lather which forms lasts and covers the whole surface for at least five 
minutes. The strength of the soap solution must be so adjusted that 
16 c.c. are required to produce this result. 

50 c.c. of the water to be tested are taken and the soap solution added 
gradually as above until a lasting lather is formed. From the amount of 
soap solution required the hardness can then be estimated by comparison 
with the standard hard water, and it is convenient to use tables which 
show corresponding amounts of soap solution and hardness expressed in 
terms of calcium carbonate (see Johnson’s Arudytt’s Laboratory Com- 
pardon). If 50 c.c. of Uie sample being tested require more than 16 c.c. 
of the soap solution, the sample is diluted before the test is made. 

The hardness as determined in this way is called the “total hardness.” . 
Part of this hardness may be due to the presence of bicarbonates of 
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calcium or magncBium, and in order to estimate this a quantity of t|»e 
liquid is boiled, when, by the escape of carbonic acid, the bicarbonates are 
converted into carbonates, which are precipitated and can be filtered off. 
The filtrate is made up to the original volume by the addition of distilled 
water and its hardness tested as before. This gives the “permanent 
hardness ” of the liquid. The difference between the “ permanent hard¬ 
ness ” and the “ total hardness ” is called the “ temporary hardness.” 

Resides the pcnuanence of the lather formed in this test, the alteration 
in the sound emitted when the liquid is shaken and the feel of the bottle 
when it is shaken indicate the point when sufficient soap solution has been 
added. 

The results given by the above test might properly be called the 
“soap-destroying power” of the licjuid, and many chemists advocate the 
employment of Hehuor’s method of estimating hardness from the alka¬ 
linity, but since the objection to calcium and magnesium salts is due 
largely to their soap-destroying power, the above method has been 
selected. 

Oxygen in Solution.—T'ho oxygen in solution is meiusurcd by the 
process devised by Winkler (Her. der (ieufjwlien CJiem. Ges., vol. 21, p. 2843 ; 
vol. 22, p. 1764 ; Journ. >ioc. Clmm. Jnd., 1889, vol. 8, p. 727), and 
modified by Kideal (Analj/nl, 1901, vol. 26, p. 141). A stoppered bottle 
containing about 250 c.c. is completely filled with the liquid under 
examination ; to this is added 1 c.c. of a solution formed by mixing equal 
volumes of concentrated sulphuric acid and water. A standard solution 
of permanganate of po'tash is then added drop by drop until a permanent 
pinkish tint is obtained. The permanganate ensures the oxidation of 
nitrites, which would otherwise have a disturbing influence. 

The liquid is now dqcoloriscd by the addition of a few drops of a 
saturated solution of potassium oxalate, and 1 c.c. of a 3,3 per cent, 
solution of manganous chloride and 1 c.c. of a solution containing 33 per 
cent, of caustic soda and 10 per cent, of potassium iodide are added. 
This causes the prooipitiition of white manganous hydrate, which absorbs 
any dissolved o.xygeu, turning brown from the formation of manganic 
hydrate. The bottle is stoppered, taking care to exclude all bubbles of 
air, and well shaken, and the precipitate allowed to settle, after which 
2 c.c. of concentrated hydrochloric acid are iiddod to dissolve the precipi¬ 
tate and liberate the iodine from the potassium iodide. The iodine is 
N 

then titrated with — sodium hyposulphite as in the oxygen-absorbed test, 
80 

using starch solution as indicator. Each c.c. of the hyposulphite solution 
corresponds to 0-07 c.e. of dissolved oxygen measured at 0° C. and 
760 mm. pressure. ^ 

In this teat great care is necessary in taking the sample to exclude all 
bubbles of air and to avoid shaking the liquid. It is l) 0 st to take the 
sample in a bucket and then to transfer it to aspirator bottles. These 
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are immersed in the liquid with the top stopper removed, allowed to fill 
gradually by removing the bottom stopper underneath the surface of the 
liquid, and tlten stoppered before they are lifted out of the bucket. 
Samples of river water may be taken directly in this way. 

If the sample is strongly coloured or contains matter in suspension 
\thich interferes with the above determination, an aspirator bottle of some 
800 c.o. capacity is first filled as above, and into this -are introduced (a) 
3 c.c. of a saturated solution of aluminium chloride to which sodium 
carbonate has been .added until a precipitate is just beginning to form, 
and (It) 3 c.o. of a saturated solution of sodium carbonate. The bottle is 
corked without allowing any air to enter, well shaken up and allowed to 
stand, when the precipitated hydrate of aluminium brings down the 
suspended matter very quickly and leaves a clear and colourless li(]uid. 
This supernatant li(|uid is syphoned into a 250 c.c. bottle and the dissolved 
oxygen determined as above. 

If dupliciite samples .are collected and one examined on the spot and 
the other analysed in the laboratory, the latter invariably gives a lower 
residt, some or all of the dissolved oxj'gen being used up by the organic 
matter. The test is therefore best performed when the sample is taken. 
It yields, however, the same results in both cases when the process is 
carried as far as the formation of the manganous hydrate at the time of 
taking the sample, and the rest of the process is performed in the laboratory. 

It is frequently useful to aerate the sample thoroughly by shaking it 
with air in a stoppered bottle, dividing it into two, and estimating the 
dissolved oxygen immediately in one half and in the other after keeping 
it for twenty-four hours. The effluent may be called unsatisfactory if the 
amount of dissolved oxygen remaining falls below 50 per cent, of that in 
the first half (i)ibdin. The Purification of Sewa(/t and Water, 1903, p. 297 ; 
Kamsay, Chan.. Zeit., 9th May 1906, ]). 432). 

It is also useful, in order to imitate what takes place when a liquid 
is discharged into a stream, to mix the liquid with different volumes of 
fully aerated tap water and to note the rate at which the oxygen is used 
up, by aseertiiiuiug the amount of dissolved oxygon which remains after 
the mixtures have been kept for different periods. This is the basis of 
the method recommended by the Royal Commission (Fifth Report, p. 221, 
and Eighth Report, p. 2) to be adopted in classifying sewage effluents, and 
in an Appendix to the Eighth Report instructions are given for carrying 
out this test. 

Futrescibility.—The estimation of the putresoibility of an effluent is 
regarded by many as a very important test, but although it is compara¬ 
tively easy to carry out, it does not yield quantitative results as valuable 
as those yielded by th* more difficult estimation of the dissolved oxygen 
in the various ways described. The simplest form of the test is to keep 
the effluent in a stoppered bottle, from which all air is excluded, at a 
temperature of about 26'7° C., representing the temperature of a warm 
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summer day, and to observe the lapse of time before signs of putrefaction 
occur. These signs are a blackening of the effluent, or of any sediment, 
an odour of sulphuretted hydrogen, oi' an increase in the oxygen absorbed 
in three minutes. 

Sometimes ten days or more elapse before an effluent shows signs of 
putrefaction, and a test of putrescibility taking up less time has beeti 
recommended by the I’rnssian Institute for Itesearch in Water Purification 
and Sewage Disposal (Spitta and Weldert, Mitt, mm der Kunigliehm 
FrUfuni/sansta/t, 1906, vol. 6, p. 160). To 150 c.o. of the liquid is added 
0'75 c.c. of a 0’05 per cent, solution of inotbyleiie blue (11 extra, obtainable 
from J, .1. (iriffin it Sons, Ltd , London), and the sample is kept under 
observation for twenty-four hours to see whether the colour is discharged. 
If the blue tint remains for twenty-four hours the liquid will not putrefy. 

Oom])aring the results of the test of putrescibility with those of the 
estimation of nitric niliogen and o.xygeu absorbed, it may be stated that, 
generally speaking, an effluent will putrefy if the oxygen-absorbed figure 
exceeds 1 part per 100,000 and nitric nitrogen is absent, or if the oxygen- 
absorbed figure exceeds ‘2 parts per 100,000 even when nitric nitrogen is 
present. 

Usual Determinations.—The methods detailed above are those in 
general use in the laboratory, but they are seldom all applied in the 
examination of a single sample. In examining trade effluents the physical 
charact('ristics, the solids in suspension .and solution, the oxygen absorbed, 
the acidity or alkalinity, and the hardness are generally taken as a 
sufficient guide to the character of the liquid. 

Special Determinations.—Hosides making the ordiiuary determinations 
it is often useful to know the amounts of special substances iti a li.juid, 
such as the fats in the refuse of wool wfishing or piece scouring, or sulphur 
compounds and tar oils in chemical refuse. 

Fatty Matter.—50 to 200 c.c. of the liquid are slightly acidified with 
sulphuric acid, allowed to stand in a warm place for a short time to aid 
the separation of the fatty matter, cooled, and then filtered through paper. 
The paper is then dried in the steam oven and extracted with ether in a 
Soxhlet apparatus, which contains an extraction thimble, and to which is 
attached a weighed flask. At the end of the extraction, which usually 
requires two hours, the ether is distilled off, the fliwk and filter paper are 
dried separately in the steam oven, cooled and weighed, the loss of weight 
of the filter paper or the increase in weight of the flask giving the amount 
of fat present, and the one figure being a check upon the other. 

Sulphur Compounds.—Sulphur compounds may be present in effluents 
from chemical works where ammonia liquor is manipulated, in the form 
of free sulphur, sulphides, polysulphides, sulphites, thiosulphates, sulpho- 
oarbonates, sulphocyanides or sulphates. The determination of the 
amount of each of these is a very involved process even in a mixture 
containing only these substances, but becomes more so in the preswme 
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of the other compounds occurring in these effluents. The fcalphates are 
on the wliole the least objectionable, hence the practice is to estimate 'the 
sulphate sulphur in one portion of the effluent, and to determine the total 
sulphur in another portion. The difference between the total sulphur and 
the sulphate sulphur gives the amount of “ sulphur in other forms.” 

• The sulphur present as sulphates is estimated by adding hydrochloric 
acid and precipitating with barium chloride, filtering off. and weighing the 
precipitate of barium sulphate, from which the amount of sulphur can be 
easily calculated. 

The total sulphur is estimated by rendering the liquid alkaline and 
oxidising by boiling with an excess of potassium permanganate, thus con¬ 
verting all the sulphur compounds into siilpbatcs. The liquid is then 
boiled with concentrated hydrochloric acid until clear, and the sulphates 
})recipit(ited with barium chloride. fi’h(! litpud should then stand over¬ 
night to ensure couqdeto piecipitation of the barium Bul)ihale, from the 
amount of which the total sulphur is calculated. 

This method of estimating total sulphur possesses an advantage over 
the one recommeudod for gas liquors in the Alkali Inspector’s Annual 
Report for 1894, p. 50, in being an oxidation process in alkaline solution, 
fhus preventing a possible loss of sulphuretted hydrogen or sulphurous 
acid which an acid oxidation process involves. It was suggested by a 
paper by Lunge on Oxidation of tbc Suljduir Compounds occurring in 
the Manufacture of Caustic Soda” {Jmirnal of tlie Societi/ of Chemical 
hulmtry, 1883, vol. 2, p. 460). ^ 

The sulphur in the form of sulphocyanides can readily bo estimated 
colorimetrically by abiding ferric chloride and sidphuric acid. This pro¬ 
duces a blood-red tint, which can be matched with that produced in solu¬ 
tions containing known amounts of sulphocy.Tiiide. Great care must be 
taken to work always with the same amounts of the reagents and the 
same volumes both of the standard solution and of the liquid to be 
tested, as the tint produced varies very greatly with the proportion of 
the reagents present. 

Tar Oils.—The tarry matter in the effluents from chemical works is 
principally in the acid form, although basic and neutral tar oils are also 
present. 

The effluent is acidified with sulphuric acid and well shaken with 
ether in a separating funnel, and the separated ethereal layer is distilled 
to remove the ether, the last traces of which are evaporated in the steam 
oven. The weight of the tarry matter thus obtained is that of the acid 
and neutral tar oils, which are usually given together as “ acid tar oils.” 
The liquid from which these have been extracted is then made alkaline 
and again submitted V> .the ether extraction process, when the weight of 
tarry matter obtained is that of the “ basic tar oils. 

If the operations of ether extraction be performed in the reverse order, 
that is, first on an alkaline and then on an acid solution, the basic and 



TRADE WASTE WATERS. 


328 

neutral tar oils are obtained in the first extract, and in the second the 
acid. This gives a method of estimating the neutral tar oils, and in 
such operations these have usually been found to bo about the same in 
amount as the basic, and very much less than the acid. 


LIMITS OF IMPURITY. . 

Every .authority dealing with the pnivcntion of {)ollution of streams 
has repeatedly been asked by manufacturers to state what standards of 
purity must be reached before an effluent c.ui bo considered fit to discharge 
to a stream, or, in other words, what limits of impui'ity are allowable in 
such an effluent. The request is a natural one, but most difficult to satisfy. 
'The Royal Commission of 1808 re])eate(lly pro))oscd such statidards, and 
finally recommended (Fifth Report, p. 49) that the following liquids be 
deemed polluting a.nd inadmissible into a stioam ;— 

“( 0 ) Any li<|uid which has not been snhjceted to perfect rest in .“ubsidence 
ponds of sufficient size for a ])eriod of at, least six hours, <jr which, Inaving 
been so subjected to suhside,nce, contains i/i tiusj>rAi«i(m more than one 
part by weight of dry organic matter in lOO.OtK) jiarts liy weight of the 
iiipiid, or which, not having been so subject,ed to subsidence, contains 
in siispendoii, more than .3 parts by weight of dry mineral matter, or 
1 part by weight of dry organic matter in 100,000 parts by weight of 
the liquid. 

(t) Any liquid containing, in snlidioii, more than 2 parts by weight of 
organic carbon, or 0'3 part by weight of organic nitrogen in 100,000 
parts by weight. 

(c) Any liipiid whieV shall exhibit by daylight a distinct colour when a 

stratum of it one inch deep is placed in a white porcelain or earthenware 
vessel. 

(d) Any lirpiid which contains, in. solidion, in 100,000 parts by weight, more 

than 2 parts by weight of any metal except calcium, magnesium, 
jKitassium, and sodtUim. 

(«) Any liquid which, in 100,000 parts by weight, contains, wiielher in 
solution or smjnmsion, in chemical combination or otherwise, more than 
0'05 part by weight of metallic arsenic. 

(/) Any liquid which, after acidification with sulphuric acid, contains, in 
100,000 Jiarts by weight, more than 1 jiarl by weight of free chlorine. 

(p) Any liquid which contains, in 100,000 jiarts by weight, more than one 
part by weight of suljihur, in the condition either of sulphuretted 
hydrogen or of a soluble siiljihiiret. 

(&) Any liquid jiossessing an acidity greater than that which is produced by 
adding 2 jiarts by weight of real muriatic acid to KXK) jiarts by weight 
of distilled water. 

(t) Any liquid jiossessing an alkalinity greater than that produced by adding 
1 jiarl by weight of dry caustic soda to 1000 jiarts by weight of 
distilled water. 

(A) Any liquid exhibiting a film of jietroleiim or hydrocarbon oil upon its 
surface, or containing, in suspension, in 100,000 jiarts, more than 005 
jiart of such oil. 

Provided always, that no effluent water .shall be deemed polluting if it be not 
more contaminated with any of the above-nained polluting ingredients 
than the stream or river into which it is discfiarged.” 

They recommended that in regard to river pollution arising from mining 
operations (d) and (e) should be suspended, although they hoped that 
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practicable methods wpuld be devised for the purification of such liquids, 
vvhen these standards could be applied to them also. 

The matter was fully discussed when the Rivers Pollution Prevention 
Act, 1876, was passed through Parliament, but it was found impracticable 
to adopt this recommendation, and instead it was enacted (Section 4) that 
nb offence against the Act is to be deemed to have been committed by a 
person causing a polluting liquid to be discharged into a stream by a 
channel then existing, provided he shows to the satisfaction of the Court 
that ho is using “ the best practicable and reasonably available means to 
render harmless ” the polluting liquid. The Royal Commission on Sewage 
Disposal now sitting has for fifteen years been considering the question, but 
has not yet come to a final decision. They recommend (Fifth Report, p. 220, 
and Eighth Reiwrt, p. 17) that a standard for sewage effluents should be 
fixed by statute or jnescribed by their proposed Central Authority, and that 
the Rivers Boards or County Councils should have power, subject to appeal 
to the Central Authority, to ask for this to be varied according to local cir¬ 
cumstances. They suggest (Eighth Report, p. 17) that a sewage effluent 
would generally be satisfactory if it complied with the following conditions;— 

(1) That it should not contain more than 3 jiarts per 100,000 of suspended 
. matter; and 

(2) That, with its suspended matters included, it should not absorb at 18'3° 0. 

more than 2'0 parts by weight jier 100,000 of dissolved oxygen in five 
days. 

They have not as yet, even provisionally, suggested any standard for 
trade refuse effluents, except in regard to di8tillery*refuse discharged into 
small fishing rivers, in regard to which they say (Sixth Report, p. 17) 
that an effluent would probably prove satisfactory if it complied with 
the following conditions:— , 

(1) That it should not contain more than 3 parts per 100,000 of suspended 

matter; 

(2) Tliat it shoidd be non-putrescible on incubation ; and 

(3) Tliat, after being filtered through filter pper, it should not absorb more 

than I'f) parts by weight per 100,000 of dissolved or atmospheric oxygen 
in five days. 

As the matter is still as it were mh jvdiee, and as the final recom¬ 
mendations of the Royal Commission on this subject are likely to be 
issued at an early date, it seems inadvisable to discuss it at any length 
in these pages. It should bo stated, however, that in the opinion of most 
of those responsible for enforcing the Acts for the prevention of rivers 
pollution, fixed standards are not to be recommended, and indeed would be 
impossible to enforce. Such standards must necessarily be fixed as high 
as is reasonably possible of attainment by a manufacturer whose premises 
are favourably situate^ but what is possible for him may be quite im¬ 
practicable tor another manufacturer in the same trade whose premises 
may happen to be hemmed in by other buildings. To take another case, 
standards which could easily be complied with by a dyer would be almost 
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impossible for a tanner or a wooloomber. Again, the high standards 
necessary for effluents to be discharged to a stream of small size or in a 
rural district are quite unnecessary for effluents destined for a navigable 
river or a stream which is not used for water supply either for man or 
cattle. I f standards were fixed they would in fact bear very heavily upon 
manufacturers, who arc at present safeguarded by Section 4 of the Rivdbs 
Pollution PreveiiUon Act, 1876, when they are using fhe best practicable 
and reasonably available means to render their waste waters harmless. 

In the case of sewage effluents the arguments against fixed standards are 
not quite so strong, inasmuch .as they are produced from one class of liquids 
and a Sanitary Autliority is in a bettor position than a manufacturer to 
obtain the necessary site for purification works ; but in this case also there 
is always tlic dift'erenee in streams to be taken into consideration. 

It will no doubt be urged that fixed standards have been found of use 
in the Alkali Works Regulation Acts in dealing with gaseous emanations; 
but these impurities are discharged into the atmosphere, where any pollut¬ 
ing matter is rapidly diffused and where the conditions do not vary as they 
do in the streams. When liijuid discharges are dealt with (Section .6 of 
the Act of 1906), an offender is only called upon to use the best practicable 
and reasonably available means for the abatement of a nuisance. 

Although there arc, as has been stated, strong differences of opinion 
with regard to the advisability of fixing standards at all, if they arc to be 
fixed, probiibly all will be agreed as to the correctness of the limit of .8 
parts of suspended matter per 100,000, as this is comparatively easy of 
attainment, while, on the other hand, the discharge of much suspended 
matter into a stream produces an immediate and noticeable pollution. 
Even from an effluent which contains the above fippareutly small amount 
of suspended matter the stream will receive over a ton of wet sludge with 
every million gallons of effluent. If this sludge is putrescible, there is 
a danger that when it collects in the pools of a stream it will there 
decompose with the liberation of offensive gases. 

Even with such an apparently simple matter as the fixing of the above 
limit for suspended matters in an effluent, the difficulty of dealing with 
the question on hard-and-fast linos can be realised when it is pointed 
out that it is only necessary for a manufacturer to dilute his waste 
waters with a sufficient volume of clean water in order to comply with 
a requirement such as this. 

Growths in Streams.—Any standard adopted must, if it is to bo of 
any service, have reference to the effect produced by the discharge of an 
effluent into a stream, and this effect cannot be measured solely by a 
chemical analysis. It is often quite ns important to observe the living 
organisms which inhabit the stream and to note snp variations which may 
be produced by an effluent, such as the disappearance of some forms and 
the abnormal growth of others. For example, in a stream poisoned by 
ochre water, practically every form of life, with the exception of a few 
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eharaoteristie algse, disappears, while, on the other hand, the pollution of 
0 stream by various forms of trade refuse may give rise to profuse growths 
of special orgwisms. Discharges, for instance, of spent gas liquor have 
been found to cause such a growth of Botrytu vulgaris as to block up the 
channel of a small stream, and in other cases to cover the bed of a stream 
wtth masses of Sphmrotilus natans, Beggiatoa allui, or Oospora and Futarkm 
solani. Bleach-croFl refuse has caused a large development of Sphmrotilui 
natans, while the effluents from a brewery have been found to favour the 
growth of Monilia variahilis. In the case of a colliery discharging saline 
water such organisms as Enterumorplui intestinalis and Amphiprora 
jMiludosa have been found in the stream below. 

Besides these abnormal growths of special organisms there are also 
invariably less evident changes in the fauna and flora of the stream, such 
as result from any pollution, whether by trade refuse or domestic sewage. 

This aspect of the ipiestion has recently received considerable attention, 
especially by Kolkwits and Marsson in Germany, who have classified the 
commoner organisms according to the amount of pollution in the waters 
they inhabit. The importance of an examination of these changes in the 
life of a stream can scarcely be overestimated. 
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Oddy, 129, 192. 

Oil in condensing water, 213, 235. 

Oldham Sewage Wurks, 307. 

Ooxp<tra lactisy 64, 331. 

Ore washing, 230, 236. 

Organisms in streams, 330. 

Ossott, 297. 

Oslond Sewage Works, 249. 
Otto-Hilgeustock, 40, 46 

Paint manufacture, 233. 

Pajinr making, 84. , 

nature of refuse, 84, 87. 
processes, 84 

(quantity of refuse, 85, 87. 
sludge from, 89, 268. ^ 

treatment of refuse, 87. 

Pasteurising milk, 221. 

Payment by manufacturer to l.ocal 
Authority, 5, 292, 295, 305. 
Pearson, 244. 

Penrith Sewage Works, 266. * 

Percolating filters, 269. 

Permutit process, 12. 

Picker making, 80. 

Pickle, 202, 204, 295, 308, 309. 
Piece-scouring, 173. 

preliminary treatment of i-efuse, 295, 
806. 

sludge from, 268. 

Pit water, 8, 16. 
analysis, 16. 

exempt from legal proceedings, 8. 
Polluted condition of streams, 1. 

Pollution of streams preventible, 2. 

Porion evaimrator, 275. 

Potash in wool suds, 109 
recovery, 121, 125. 

Power gas, 44. 

sources of pollution from, 45. 
Precipitants, 258. 
acid for kier liquors, 98. 
acid for piece-scouring refuse, 175. 
acid for wool-washing refuse. 111. 
aluminium chloride tor waste dyewaters, 
169. 

aluminium salts for tar-distilling refme, 
216. 


'Bi^Qipitants— 

* aluinlniufn sulphate £or waste ayewaters, 
144. , . 

/ aluminoTferric for blanket-scoiTriug re¬ 
fuse, 196. * 

alumino-ferric for dyewaters, 136,167. 
alumino-ftrric for guiie refuse, 220. 
alumiuo-ferrio for papfer-mskiug refuse 
88 . . 

alumino-ferric for*piece*BCouring refuse, 
191. 

alumino-ferric for silk-boiling refuse, 
129. 

alumino-ferric for tannery refuse, 82. 
bleaching powder for grease-distilling 
refuse, 212. 

copperas for tannery refuse, 82. 
fernc suljjhato for «ilk-boiling refuse, . 
129. 

iron salts for tar-disiilling refuse, 216. 
lime for brewery refuse, 64. 
lime for coal-washing refuse, 17. 
lime for dyewaters, 136, 140, 144, 153, 
155, 167> 168. 
lime for glue refuse, 220. 
lime for grain-washing refuse, 57. 
lime for piece-scouring refuse, 191. 
lime for.tannery refuse, 82. 
lime inadvisable for malting refuse, 59. 
Preliminary treatment of trarle refuse, 295, 
299, 306, 310. 

Preserve making, 234. 

Presses for sludge, 267. 

Prhiccpsand Co., 213. 

Princep.s Oil ExtiacWr, 214. 

Printing, 169. 

Public Health Act, 1875, 2, 32, 286. 
gas liquor, 32. 

Public Health Acts (Amendment) Act, 
1890, 32, 287. 

Public Health (Scotland) Act, 1897, 288, 
290, 292. 

Pudsey, 299, 309. 

Pumps, 238. 

Putroscibility, 325. 

Pyridine, 216. 

Quenching coke, 5, 24, 37. 

Rahcwffe, 33. 

Raikes, 269. 

Ramsay, 325. 

Read Holliday, 160. 

Recovery of— 

beeswing from grain washing, 66. 
coal from coal washing, 17, 21. 
fibre from dyewaters, 132, 239. 
fibre from pa|>er-making refuse, 89, 92. 
glycerine in soaj) making, 208. 
grease from blanket-scouring refuse, 193 
grease from piece-scouring refuse, 176 
179, 180, 183, 209, 807. 
grease fn^iff wool-washing refuse, 111, 
209, 307. 

indigo from waste dyewaters, 161. 
iron salts from waste pickle, 208. 
potash from wool-washing refuse, 109. 
soda from bleach-croft refuse, 1^, 107 
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Reeoyejy of-rco7iiMi1(^. 
wxU paper‘ 9 iaking refasd, 88. 
sulphur from alkali waste, 207. 

, jeaaf froiii brewery refuse^ 65. 
B^lations fot discharge to seweis, 269, 
304. 

Reid, 814. 

Betting of flax, hemp, and jute, 107. 
•Refuse of water— 
blanket scouring,498. 
coal washing, 15, 
dyeing, 188,141, 144. 

^ain washing, 58, 57. 

' textile trade, 200. 

Ribble Joint Committee, 4. 

Rideal, 824 
'Riley and Son, 193. 

Riparian rights, 294. 

Ripley, Edward, and Sons, 144. 

Rivers Authorities— 

County Councils, 3. 

Joint Committees, 3. 

Lee Conservancy, 4. 

Mersey and Irwell Joint Committee, 
3, 4. 

Ribble Joint Committee, 4. 

'Fhaines Conservancy, 4. 

West Riding Rivers Board, 4. 

Rivers Boards advocated, 6. 

Rivers Pollution Prevention Act, 1876, 2, 
5, 6, 8, 29, 169, 286, 291, 292, 329, 
380. . 

defects of procedure, 6, 
gas liquor, 29. 
pit water. 8. 

Rivers Pollution Ihevention Act, 1893, 4. 
Roberts, 115. 

Royal Commission on Rivers Pollution, 
1865— 

copperas manufacture, 205. 
dyeing, 130. 
gi'ease extraction, 211. 
paper making, 87. 

[>olluted condition of streams, 1. 
soap making, 208. 
wool washing, 109, 111. 

Royal Commission on Rivers Pollution, 
1888- 

coal washing, 13,18. 
discharge to sewers, 285. 
dyeing, 130 

eva()oratiou of wool suds, 120. 
galvanising, 203. 
limits of impurity, 328. 
ochre water, 10. 
ore wf^hing, 230. 
paper making, 89. 
pieco-scouring, 178. 
pit water, 10. 

polluted condition of streams, 1. 
pollution pwventible, 2. 
sheep washing, 226. 
standards, 328.. • «• 

Royal Commission on Sewage Disposal, 
1898— 

adequacy of sewage works, 288. 

Central Authority advocated, 4, 292, 
o^rge for use of sewer, 292, 310. 


I^iyal Commissidn, etc.—ronffnurtf. 

■ coal washing, 13,18. ' 
dischaige to sewers, 5,'266, 292, 309. 
distillery refuse, 5. 

'distiUing, 67. 
limits of impurity, 829. 
malting, 57. 

methods of analysis, 818, 322, 326, 
ochre water, 10. 

|)aper making, 87. 
pit water, 10. 

recovery of caustic soda, 88. 

Rivers Boards advocated, 5. 
sewage mixed with trado efiluente diffi¬ 
cult to purify, 4, 83, 309. 
sludge pressing, 267. 
sludge treatment, 268, 267. 

Smith-Leacii process, 122. 
standards, 329. 
terms of reference, 4. 

Royles, 269. 

Rubber purification, 234. 

Rug making, 80. 

Huggles-Coles drier, 211. 

Rushby, 154. 


Salfoed, 299. 

Salmon Fisheries Act, 1861, 2. 

Salt deposits, 233, 237. 

Sampling, 282. 

Sand tillers, 2(^. 

Sand washing,^228, 236. 

Scale in boilers, 11. 

Scliielo, 89. 

Sebirm, 212. 

Schoofs, 225.* 

Schunck, 97. 

Scott and Son, 276. 

Scott’s revolving incinerator, 282. 

Scouring cloth, 173. 

Screens, ti69. 

for grain-washing refuse, 55. 

Seak ^nks, 112. 

Septic Tank Co., 253. 

Septic tanks, 257. 

Settlement- 
continuous, 246. 
quiescent, 246. 

Settling tanks, 246. 

Sewage- 

domestic, 295, 307, 310. 
mixed with trade refuse difficult to 
purify, 4, 83, 809. 

Sewers, trade waste waters iu, 82, 285, 
309. 

Shale hea}>s, 205, 234. 

Shaw, 196. 

Sheep dipping, 226, 236. 

Sheep wasliing, 225, 236. 

Silcock, 269, 

Silk boiling, 126, 295, 306. 

Simon, 52, 56. 

Simon-Carves, 16, 42, 46. 

Simplex Coke Oven Co., 37. 

Size manufacture, 218, 235. 

Slate beds, 274. 

Slaughterhouse refuse, 220, 235. 
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141,197,264. 

from j*|»er*makmg refuse re-used, 89. 

from BOWAge, 310. 

from trade refuse, 268, 307, 310. 

from waste dyewaters, 136, Ul, 148. 

moisture in, 248. 

pressing, 267. 

removal by'Local Authority, 294, 299. 
^atmeiit, 2634 , 

Imith, John, and Sons, 120, 124. 
Smitb-Leach pro^^, 120. 

Smith's Patent Vacuum Machine Oo., 124, 

210 . 

Soap making, 208, 218, 235. 

Sj^vay, 207. 

Si)entl\e from soap making, 208. 
HpliaroUlus natans^ 65, 331. 

Spittaaud Weldert, 326. 

Stabler, 69. 

Standards, 328.^ 

Starch liquor, 170. 

Starch mauiifaclurc, 233, 236, 300. 
Sterility of trade refuse, 272. 

Still" and Co., 27 0. 

Stiftening, 170. 

Stone sjiwiiig, 227. 

Straining filters, 268. 

Stripping, 170. 

Suction gas, 48. 

Sugar refining, 233, 236. 

Sulphide black dyeing, 165 
Sulphur from alkali waste, 2U7. 


Tadua.steu, 299. 

Tallow manufacture, 220. ^ 

Tannery refu.se — 
at Sevenoaks, 309. 
biological filtration ol, 82. 
nature of, 74, 80. 

preliminary treatment of, 295, 306. 
purification of, 80. ‘ 

sludge from, 268. 
volume of, 75. 

Tanning, 72, 74. 

Tar distilling, 215, 236. 


Tar oils, 327. 

Tar spraying on roads, 216, 23o. 

Tatlock and Thomson, 320. 

Tatton, 120, 161. 

Taylor, J. T. and J., 154. 

Textile trades, 96. 

Thames Conservancy, 4. 

Tiltometcr, 261. 

Tinplating, 204, 234. 

Tippers, 273. * *. ioat 

T 4 *wnfl Imnrovement Clauses Act, 1847, 


1 , 6 . 


Travis, 268. 

'I’ripe dressing, 220. 

Trotter boiling, 220. 

Tuku and Bell Ltd., 273, 274. 

Turner, 203. 

United States Geological Survey. 69. 

Vacutjm degreasing machine, 124, 210. 
Vacuum pans, 276. 

Valves— 
decanting, 248. 
iloating, 248. 

Varnish manufacture, 233. 

Venturi meter, 246. 

Venturi tube, 261. 

Vial, 249. 

AVaite, 132, 133, 168,176, 253, 267, 260, 
283. 

AVaite’s apparatus, 132, 253. 

Wakefield, 299. 

Wakefield Sewage Works, 260, 263. 

Walker Bros., 203. 

AA’alsall Corporation Act, 1890, 288. 
Wauklyn, 317. 

Waste pickle, 202, 204. 295, 3 d 8, 309. 
Water softening, 3, 11. 

Waterworks Clauses Act, 1847, 2. 
Waterworks, straining filters at, 269. 
Watson, II r»., Lid , 149. 

Watson, J. 1).,2.51. 

AVaison’s plant, 149. 

AVeldert, 326. 

West Hiding of Vorksliire Uivers Act, 
1894, 4, 288, 291. 

Wiist Riding Rivers Board, 4. 

Wlieatluy and Sons, 181, 186. 

AVilsini filter, 88, 269 
AVilson, H. Maclean, 65. 

AA'ilson, John, and Smi, 267. 

Wmklcr, 324. 

Wiredrawing, 204, 234. 

Wolverhampton Corporation Act, 1891, 
288, 291. 

Wolverhampton Improvement Act, 1869, 
288, 291. 

Wood distillation, 234. 

Wood pulp manufacture, 93. 
AVool-washing refuse- 
biological filtration of, 117. 
eva[M)ratiou of, 120< 
nature, 107, 109 
proliininai'y f reatmeiit, 296, 306. 

AVyld, 36. 

Yaun scouring, 173. 

Yaryan evajiorator, 120, 277. 
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